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(57) ABSTRACT

A method of determining fuel consumption 1 a vehicle
through the OBDII bus 1s described. The fuel consumption 1s
determined by using mass air flow (MAF) sensor data or
mamnifold air pressure (MAP) sensor data, and obtaining and
applying long term and short term fuel trim values for the
vehicle, which respectively characterize deviations of air-to-
fuel stoichiometry in the vehicle due to aging and vehicle’s
current operating conditions to determine the corrected tuel
consumption in the vehicle. For MAP based method, an inde-
pendent determining of Volumetric Efficiency of a vehicle’s
engine 1s also provided. The method is further enhanced by
providing various sensing patterns for various sensor data,

which depend on the rate of change of the respective data.
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METHODS AND SYSTEM FOR
DETERMINING CONSUMPTION AND FUEL
EFFICIENCY IN VEHICLES

FIELD OF THE INVENTION

The present invention relates to remote diagnostic of

vehicles, and 1n particular, to methods and system for deter-
mimng fuel consumption and fuel efficiency in vehicles using,
data obtained via the OBDII diagnostic port or the like.

BACKGROUND OF THE INVENTION

Since 1996, all light and medium duty vehicles manufac-
tured for sale 1n North America have been equipped with an
on-board diagnostic 11 (OBDII) system. The primary objec-
tive of the OBDII system was to reduce vehicle emissions via
the real-time momitoring of engine function and emissions
systems. All OBDII-equipped light/medium-duty vehicles
use a Mass Airtlow (MAF) and/or Manifold Air Pressure
(MAP) sensors to provide real time input and feedback to the
engine’s fuel management system. The fuel management sys-
tem 1s operated 1in real-time by one of the vehicle’s Electronic
Control Units (ECU), known as the Powertrain Control Mod-
ule (PCM). In vehicles that are appropriately equipped, real-
time sampled MAF and/or MAP sensor data can be requested
from the PCM, via the OBDII diagnostic port. Either of these
parameters can be used to calculate the fuel consumptionof a
vehicle.

Although there have been previous prior art attempts to
determine vehicle’s fuel efliciency, see e.g. U.S. Pat. Nos.
6,594,579 and 6,988,033 to Lowrey et al, the need still exists
in the automotive industry for developing accurate and reli-
able methods for determining fuel consumption and fuel eifi-
ciency 1n vehicles.

SUMMARY OF THE INVENTION

The present patent application describes how to determine
the fuel consumption and fuel efficiency by using OBDII
data, for vehicles equipped with MAF and/or MAP sensors.
The method 1s preferably carried out in-vehicle by using the
assignee’s OBDII-connected device, known as the Vehicle
Interface Unit, or VIU. The data 1s relayed wirelessly to
intelligent collection points, known as VIUPoints or gate-
ways, and then aggregated in a central host (server), including
a central database and web-based application collectively
known as OverVIU, for generation of web-based reports,
including fuel consumption and fuel efficiency. A complete
system including VIUs, VIUPoints and OverVIU is described
in the previously filed applications to the same assignee, the
U.S. patent application Ser. No. 10/909,007 filed Aug. 2, 2004
to Zoladek et al entitled “VEHICLE TELEMETRIC SYS-
TEM”, and PCT patent application Ser. No. PCT/CA2005/
001150 filed Jul. 21, 2005 to Zoladek et al entitled “MULTI-
USER MOTOR VEHICLE TELEMETRIC SYSTEM AND
METHOD?”, both patent applications being incorporated
herein by reference.

According to one aspect of the invention there 1s provided

a method of determining fuel consumption 1n a vehicle, com-
prising the steps of:

(a) determining fuel consumption by using mass air flow

(MAF) sensor data or manifold air pressure (MAP) sen-

sor data, including obtaining MAF data or MAP data 1n
the vehicle;
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the step (a) comprising:

(b) obtaining long term and short term fuel trim values
tor the vehicle, which respectively characterize devia-
tions of air-to-fuel stoichiometry in the vehicle due to
aging and vehicle’s current operating conditions, and

(c) correcting fuel consumption 1n the vehicle deter-
mined 1n the step (a) by applying said long term and
short term fuel trim values to determine the corrected
tuel consumption in the vehicle.

The steps of the method described above comprise sensing,
vehicle’s data through a vehicle’s bus. Conveniently, the step
(a) comprises determiming fuel consumption in the vehicle by
using MAP data, only if MAF data 1s not available for the
vehicle. The step (b) comprises obtaining a number of banks
(pairs) ol respective fuel trim values for each of the long term
and short term fuel trim values, and determining average long
term and short term fuel trim values over the respective num-
ber of banks. Typically, the number of banks 1s less or equal to
4.

Beneficially, the step (b) comprises sensing various vehi-
cle’s data at respective various frequencies, which are sub-
stantially inversely proportional to the rate of change of the
respective vehicle’s data. Conveniently, the steps of sensing
comprise sensing vehicle’s data through onboard diagnostic

11 (OBDII) bus.

According to one embodiment of the invention, the step (a)
comprises determining fuel consumption in the vehicle by
using MAF data for the time interval AT=N-At, as follows:

1
AF, s, X O fuel X 1000 ml/1 =1

(MA F(1)x LONGFT, x SHRTFT, x At;)

wherein AF, ., 1s air-to-fuel stoichiometric ratio, p,,; 1s fuel
density 1 g/ml, MAF(t,)), LONGFT, and SHRTFT, are
respectively MAF data, average long, termj and average short
term fuel trim data at time instance t. The step (a) further
comprises sensing a revolution per minute (RPM), and intake
air temperature (IAT) 1n the vehicle.

According to another embodiment of the invention, the
step (a) comprlses determining fuel consumption in the
vehicle by using MAP data for the time 1interval AT=N-At, as
follows:

VEXEDXM,_;.
120X R X AF 4410 X 0 e X 1000 ml/l

N

RPM; x MAP. x LONGFT, x SHRTFT,
(AT +273.12)

ﬂfj

wherein VE 1s Volumetric Efficiency for the vehicle (unit-
less), MAP 1s Manifold Air Pressure (kPa), ED i1s Engine
Displacement (litres), R is ideal gas constant 8.314 kPa K™
mol™', and M_,, is molar mass of air (g/mol)=28.97 g/mol;
RPM., MAP(t,), LONGFT, SHRTFT, and IAT, are respec-
tively engine’s Revolution Per Minute (min~'), Manifold Air
Pressure sensor data, average long term, average short term
fuel trim data, and Intake Air Temperature (degrees Celsius)
at time 1nstance t..

In the method described above, the step (a) of determining,
fuel consumption by using MAP data further comprises
determining vehicle’s volumetric efficiency (VE) as follows:
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(1) selecting time 1nterval and setting VE=1;

(1) determining total fuel consumed by the vehicle during
all selected time 1ntervals according to an independent
refuelling measurement (TFC, );

(111) determining total fuel consumed by the vehicle during
all selected time intervals according to the method of
claim 3 (TFC ) by using the current value of VE;

(1v) updating the current value of VE=TFC, /TFC ;

(v) selecting another time interval and repeating the steps
(11) to (1v) a number of times to achieve a required accu-

1

racy for the current value of VE.
Conveniently, the step (1) comprises manual or automatic
retuelling measurement at a gas pump.
Sampling of various data can be performed 1n one or more
of the following ways:
sensing data at respective frequencies, which are substan-
tially 1nversely proportional to the rates change of
respective data;
sensing data consecutively;
sensing data concurrently;
sensing data according to a random selection of their sam-
pling order;
sensing some data at a sampling frequency, which 1s depen-
dent on the value of another data.
For example, sensing of MAP, RPM and IAT 1s performed
in one or more of the following ways:
sensing MAP and RPM at substantially same frequency,
and sensing IAT at a lower frequency;
sensing MAP, RPM and IAT data at respective frequencies,
which are substantially inversely proportional to the
rates change of respective data;
sensing MAP and RPM consecutively;

sensing MAP and RPM concurrently;

sensing MAP and RPM according to a random selection of
their sampling order;

sensing IAT at a sampling frequency, which 1s dependent

on the value of RPM.

The steps (a) and (b) of the method may comprise sampling
various vehicle’s data at respective various sampling frequen-
cies, which are based on historic data for the respective vehi-
cle’s data.

If required, fuel density pg,., shown in the above equations
may be adjusted according to seasonal temperature varia-
tions.

Beneficially, the method described above further com-
prises transmitting the data obtained in any of the steps (a) to
(¢) from the vehicle to a central host for further processing
and storage, wherein the transmitting to the central host 1s
performed as follows: wirelessly transmitting the fuel con-
sumption data from the vehicle to a gateway (wireless access
point) connected to a communications network, the commu-
nications network enabling the transfer of data between the
gateway and the central host.

The steps (a) and (¢) of the method may comprise distrib-
uted determining of fuel consumption by using processing,
power ol more than one computer, including initial process-
ing of data in the vehicle, followed by final processing of data
at the central host.

The method described above turther comprises determin-
ing fuel efficiency, comprising obtaining an odometer reading
tor the vehicle, and relating the fuel consumed by the vehicle
over the distance 1dentified by the odometer reading for the
corresponding time interval to determine fuel efficiency.

Additionally, the method may further comprise identiiying
if the vehicle 1s a hybnd electric vehicle (HEV), and deter-
mimng fuel consumption i the HEV 1n accordance with the
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4

method described above during time intervals when the HEV
does not operate under electric power.

According to another aspect of the invention there is pro-
vided a vehicle interface unit (VIU), comprising:

a (VIU) computer having a CPU and non-volatile memory

(NVM):;

the VIU computer 1s connected to a vehicle bus providing
access to sensors 1n the vehicle for collecting vehicle
related data through the vehicle bus;

the VIU computer 1s programmed to determine fuel con-
sumption in the vehicle in accordance with the method
described above.

The VIU computer comprises a computer program code
stored 1n the NVM for execution by the CPU to perform the
steps of the method described above.

The VIU further comprises a wireless modem connected to
the VIU computer and providing communication over a wire-
less link with a gateway (wireless access point), which 1s
connected to a communications network, the communica-
tions network providing transmission of data between the
gateway and a central host.

According to yet another aspect of the invention there 1s
provided a vehicle telemetric system, comprising:

a central host connected to a communications network;

one or more gateways connected to the communications
network, the communications network enabling the
transier of data between the gateways and the central
host;

a vehicle interface unmit (VIU) within a vehicle having
access to sensors 1n the vehicle for collecting vehicle
related data through a vehicle’s bus, the VIU having
means for communication over a wireless link with any
of said gateways when the vehicle 1s within a transmis-
sion range of one of said gateways;

the VIU comprising a VIU computer having a CPU and
non-volatile memory (NVM);

the VIU computer 1s connected to the vehicle bus and
programmed to determine fuel consumption i1n the
vehicle 1n accordance with the method described above.

According to one more aspect of the mvention there i1s
provided a vehicle interface unit (VIU) for a vehicle telemet-
ric system, comprising a central host connected to a commu-
nications network and one or more gateways connected to the
communications network, which enables the transfer of data
between the gateways and the central host, the VIU being
located 1n a vehicle and having access to sensors 1n the vehicle
for collecting vehicle related data through a vehicle’s bus, the
VIU having means for communication over a wireless link
with any of said gateways, the wireless link being activated
when the vehicle 1s within a transmission range of the one of
said gateways, and another wireless link being activated when
the vehicle 1s within a transmission range of another one of
said gateways;

the VIU further comprising a VIU computer having a CPU
and non-volatile memory (NVM);

the VIU computer 1s connected to the vehicle’s bus and
programmed to determine fuel consumption i1n the
vehicle 1n accordance with the method described above.

According to one more aspect of the invention there 1s
provided an access system for use in a vehicle telemetric
system, the telemetric system comprising a central host con-
nected to a communications network, the access system com-
prising:

one or more vehicle mterface units (VIUs) and a gateway,

the gateway being connected to the communications
network,
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cach VIU being located 1n a different vehicle and having
access to sensors 1n the vehicle for collecting vehicle
related data through a vehicle’s bus, each VIU having
means for communication over a wireless link with the
gateway, the wireless link being activated when the
vehicle 1s within a transmission range of the gateway;
cach VIU comprising a VIU computer having a CPU and
non-volatile memory (NVM);
the VIU computer being connected to the vehicle’s bus and
programmed to determine fuel consumption in the
vehicle 1n accordance with the method described above;
the gateway having another memory for storing the fuel
consumption data received from the VIU and a gateway
means for forwarding the data to the central host.
According to yet one more aspect of the invention there 1s
provided a method for determining a vehicle’s fuel consump-
tion in a vehicle telemetric system comprising a central host
connected to a communications network, one or more gate-
ways connected to the communications network, each gate-
way having a wireless transmission range, a vehicle interface
unit (VIU) within a vehicle having access to sensors in the
vehicle for collecting vehicle related data through a vehicle’s
bus, the VIU having means for wireless communication with
any of said gateways, the method comprising the steps of:

(a) determining fuel consumption by using mass air flow
(MAF) sensor data or manifold air pressure (MAP) sen-
sor data, including obtaining MAF data or MAP data in
the vehicle;

the step (a) comprising:

(b) obtaining long term and short term fuel trim values
tor the vehicle, which respectively characterize devia-
tions of air-to-fuel stoichiometry in the vehicle due to
aging and vehicle’s current operating conditions, and

(c) correcting fuel consumption 1n the vehicle deter-
mined 1n the step (a) by applying said long term and
short term fuel trim values to determine the corrected
fuel consumption 1n the vehicle.

and storing the corrected fuel consumption in a VIU memory;

(d) determining if the VIU 1s within the wireless transmis-
sion range of one of the gateways;

(¢) forwarding some or all the fuel consumption data from
the VIU to the one of said gateways over a wireless link;

(1) forwarding said some or all of the fuel consumption data
received by the one of said gateways from the one of said
gateways to the central host over the communications
network; and

(g) notilying each gateway by the central host regarding
said some or all fuel consumption data that have been
already recerved at the central host.

According to one more aspect of the mmvention there 1s
provided a multi-user motor vehicle telemetric system, com-
prising;:

(a) one or more central hosts connected to a communica-

tions network, each central host being associated with
one or more users of the system:;

(b) one or more gateways connected to the communica-
tions network, the communications network enabling
the transfer of data between the gateways and the central
hosts;

(c) one or more vehicle imnterface units (VIUs), each placed
within a vehicle having access to sensors 1n the vehicle
for collecting vehicle related data through the vehicle’s
bus, each VIU having means for communication over a
wireless link to gateways designated to be accessed by

said each VIU when the VIU of the vehicle 1s within a
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6

transmission range of one of said designated gateways,
and wherein each VIU 1s associated with one or more of
the users;

(d) each central host having means for selecting gateways
for collecting data from each VIU which 1s associated
with the users that the central host 1s associated with;

(¢) each gateway having means for recognizing the asso-
ciation between central hosts and VIUs belonging to the
same user; and

(1) each VIU comprising a VIU computer having a CPU
and non-volatile memory (NVM); and

(g) the VIU computer being connected to the vehicle’s bus
and programmed to determine fuel consumption in the
vehicle 1n accordance with the method described above.

According to yet another aspect of the invention there 1s

provided a method for collecting vehicle performance data in
a multi-user motor vehicle telemetric system, comprising one
or more central hosts connected to a communications net-
work, each central host being associated with one or more
users of the system, one or more gateways connected to the
communications network, the communications network
cnabling the transfer of data between the gateways and the
central hosts, one or more vehicle interface units (VIUs), each
placed within a vehicle having access to sensors 1n the vehicle
for collecting vehicle related data, each VIU having means for
communication over a wireless link to gateways designated to
be accessed by said each VIU when the VIU of the vehicle 1s
within a transmission range of one of said designated gate-
ways, and wherein each VIU 1s associated with one or more of
the users, the method comprising:

(a) at each central host, selecting gateways for collecting
data from each VIU which 1s associated with the users
that the central host 1s associated with;

(b) at each central host specifying for each user the data to
be collected from its associated VIUs through data col-
lection profiles which are stored 1n the central host and
the selected gateways;

(c) at each gateway determining the association between
central hosts and VIUs belonging to the same user; and

(d) at each VIU, determining fuel consumption in the
vehicle where the VIU 1s placed 1n accordance with the
method described above.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention will now be described 1n greater detail with
reference to the attached drawings, 1n which:

FIG. 1 shows a method for determining MAF/MAP sup-
port in a vehicle, including vehicle start-up and nitialization;

FIG. 2 shows the step 19 of FIG. 1 in more detail, 1llustrat-
ing a method for determining fuel consumption and fuel
eificiency 1n a vehicle based on MAF data;

FIG. 3 shows a graph 1llustrating a short time-sequence of
the long (LONGEFT) and short-term fuel trim (SHRTFT) ver-
sus time, taken during the dynamometer testing;

FIG. 4 illustrates a method for determining an effective
volumetric efficiency of a vehicle’s engine, the method being
performed at a central host;

FIG. 5 illustrates an alternative method for determining an
elfective volumetric efficiency of a vehicle’s engine, the
method being performed 1n the vehicle;

FIG. 6 shows the step 18 of FIG. 1 in more detail, 1llustrat-
ing a method for determining fuel consumption and fuel
elficiency 1n a vehicle based on MAP data;

FIG. 7 illustrates odometer calculation for a Hybrid Elec-
tric Vehicle; and
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FIG. 8 1llustrates a fuel consumption calculation requested
for a specific time 1nterval, when the vehicle has been oper-
ated for only a fraction of the requested time 1nterval.

DESCRIPTION OF THE EMBODIMENTS OF
THE INVENTION

Methods for determining fuel consumption and fuel effi-
ciency 1n vehicles described 1n this patent application are
based upon the availability of Mass AirFlow (MAF) or Mani-
told Air Pressure (MAP) data from the OBDII vehicle bus.
The VIU mitially determines what sensors are supported by
the vehicle’s OBDII system before any fuel consumption
calculation commences.

The OBDII port can be interrogated to determine whether
MAF, MAP or both MAF and MAP sensors are supported 1n
any OBDII compliant vehicle. This 1s accomplished using a
Mode or Service $01 request, as defined in the SAE J1979
specification. This OBDII interrogation for MAF/MAP sen-
sor support 1s performed 1n an autonomous manner by the
VIU and does not requiring any pre-configuration or user
intervention.

OBDII interrogation to determine MAF and/or MAP sup-
port 1s performed only once by the VIU, after the VIU 1s first
installed 1n a vehicle. When the VIU detects the first engine
start after 1nstallation, an OBDII query 1s automatically per-
formed by the VIU to determine MAF/MAP support. The
VI1U stores the MAF/MAP support information 1n non-vola-
tile (NVM) memory for subsequent recall. The VIU has the
capability to detect that 1t has been removed from a vehicle
and 1nstalled in a different vehicle, via the detection of a
power-cycling event as the OBDII port 1s always powered,
even when the vehicle’s engine 1s off. If the VIU detects such
an event, 1t will automatically determine MAEF/MAP support
tor the new vehicle, and will update the relevant information
contained 1n non-volatile memory.

If both MAF and MAP are supported 1n a vehicle, then the
tuel consumption calculation will default to using only MAF
data as the basis for the fuel calculations. No practical advan-
tage 1s gained by using MAP data over MAF for the purpose
of determining fuel consumption. The use of MAF over MAP,
however, requires fewer parameters to be requested 1n real-
time via OBDII and 1s, therefore, advantageous by virtue of
simplicity.

The determination of fuel efficiency, expressed 1n units of
litres per 100 kilometers or miles per gallon, requires the
measurement of distance that the vehicle has travelled. The
OBDII data link does not directly provide a generic method to
directly determine the distance travelled in a given time
period. Instead, the standard practice of integrating the vehi-
cle’s speed with respect to time, to determine the distance
travelled, 1s employed. The Vehicle Speed Sensor (VSS) can
be mterrogated via the OBDII port to sample the vehicle’s
current speed. Using an appropriate sampling interval, inte-
grating VSS with respect to time can yield an accurate mea-
surement of the distance travelled by a vehicle. This tech-
nique 1s analogous to that used by systems within the vehicle
to derive the odometer value. In the VIU, the VSS 1s typically
sampled once or twice a second when the engine 1s running,

for the purpose of the calculation of distance travelled by the
VIU.

First Embodiment of the Invention

In the case of MAF-equipped vehicles, the MAF sensor
provides the PCM with a calibrated measurement of the rate
of the mass of air flowing into the engine (1.¢. at the air intake

10

15

20

25

30

35

40

45

50

55

60

65

8

manifold). According to the SAE J1979 specification, OBDII
MAF data 1s mandated to be reported 1n units of grams per
second of atr.

A good approximation of the instantaneous fuel consump-
tion rate (fuel rate) by a vehicle, while the engine’s fuel
system 1s 1n closed-loop mode of operation 1s given by:

MAF (g/s) (1)

AF oo xﬁﬁm.‘f(g/ml) x 1000 mi/]

fuel rate (hitres/s) =

In equation (1), AF, . 1s the 1deal air-to-fuel stoichiomet-
ric ratio and pg , 1s the fuel density i g/ml. An internal
combustion engine operates at maximum eificiency when the
air-to-fuel ratio 1s ~14.7:1 (1.e. AF, .. =14.64, see reference
1). For regular unleaded tuel, p, ~0.74 g/ml. The density ot
a given luel grade can vary regionally, seasonally and 1is
temperature dependent.

Since the OBDII port provides real-time sampled engine
data, the fuel consumed (FC), 1n the 1’th time 1nterval can be
written as;

MAF(1)
AF, X O fuel X 1000 miA

(2)

FC(1;) = X At

where At=t.—t._,, 1n seconds (1.¢. the time between consecu-
tive samples of MAF).

In equation (2), the units of fuel consumed are litres, 11 the
units o the variables are kept consistent with that expressed in
equation (1).

The fuel consumed (1n litres) 1n an arbitrary time interval
AT can be computed via the numerical integration (with
respect to time) of equation (2). If t, and t,, are the start and
end, respectively, of the time interval AT (1.e. AT=t,~t,), then
the fuel consumed 1 AT 1s given by

N (3)
FC(AT) = Z FOr)

=1
N

3

=1

MAF(1;)

X At
Al 5 X P fuel X 1000 ml/1

Long Term and Short Term Fuel Trim Values

Equation (3) 1s a good estimate of fuel consumption during,
closed fuel loop engine operation. It does not, however,
include significant fuel corrections applied by the PCM 1n
real-time that are collectively termed “fuel trim” parameters.
As fuel systems age or otherwise change over the operational
lifetime of a vehicle, the PCM employs an adaptive fuel
strategy to modily the air/fuel stoichiometry while running 1n
closed fuel loop. The PCM *“learns’ these deviations and
stores them as long term fuel trim values (LONGET) 1n the
PCM’s keep-alive memory. They are stored in the PCM 1n as
a Tunction of rpm/load or as a function of air mass. The
short-term fuel trim (SHRTFT) values are dynamically re-
computed “on-the-tly” by the ECU as the vehicle’s operating
conditions vary. The long and short-term fuel trim values are
used to moditly the pulse width applied to the fuel 1njectors
and hence directly atffect the amount of fuel consumed.
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A more detailed description of determiming short-term and
long-term fuel trim values, including details of tuel control 1n
internal combustion gasoline engines 1s presented below.

The purpose of the air/fuel ratio control system 1s to
achieve an 1deal air/fuel mixture within the combustion
chamber. The goal 1s to provide maximum power while mini-
mizing emissions and maximizing fuel economy. The PCM
relies on a network of mput sensors and output actuators to
precisely control the air/fuel mixture within the combustion
chamber.

The amount of fuel delivered by the fuel imjector 1s deter-
mined by the fuel control system. The mass of fuel mjected
into each cylinder depends upon the mass of air (oxygen)
entering the engine, the fuel mass required to achieve the
desired air/fuel ratio, and the 1injector pulse width required to
deliver the correct amount of fuel to the proper cylinder.

The air mass flowing mnto each cylinder 1s determined by
the PCM using either MAF or MAP sensor 1mput. From the
current engine operating conditions (e.g. load, rpm, throttle
position, engine coolant temperature etc), the desired air/fuel
ratio 1s determined by the PCM, followed by calculation of
the desired fuel mass for each cylinder. Subsequently, the
PCM calculates the appropriate fuel injector pulse width,
required to deliver the desired fuel mass to each cylinder. The
tuel injector pulse-width, measured in milliseconds, 1s the
length of time that the PCM turns on the tuel injector.

Fuel delivery 1s performed 1n one of two modes: open or
closed loop. In open loop, the PCM determines fuel delivery
based upon sensor mputs (except the oxygen, or O, sensor)
and fuel delivery algorithms contained within the PCM.
Closed loop fuel delivery 1s based upon fuel delivery algo-
rithms contained within the PCM and the input of many
sensors, including O, sensors.

The air/fuel ratio 1s 1deally 14:64:1 under normal (closed
loop) operating engine operating conditions, but can vary
between 12:1 (rich) and 18:1 (lean) during open-loop condi-
tions.

The PCM generally commands open-loop fuel system
operation during the following conditions: cold engine start-
up, high engine load or wide open throttle (WQOT), or over-
temperature protection of the catalyst. When the engine 1s
operation 1n open loop, the PCM commands a rich or lean
air/fuel ratio and uses air mass to calculate the approprate
injector pulse width. As mentioned previously, O, sensor data
1s not used during open-loop operation. As soon as engine
conditions permit, the PCM will enter into closed-loop opera-
tion as this 1s the most eflicient mode of operation, resulting in
the least exhaust emissions.

After vehicle cold-engine start-up, the vehicle remains 1n
open loop mode until the O, sensors reach operating tempera-
ture and other engine operating conditions are met (such as
the engine coolant temperature reaching a mimnimum tempera-
ture threshold). Other non-normal engine operating condi-
tions, such as during extreme acceleration (WOT), safety
considerations outweigh etficient operation of the engine. For
WOT conditions, the air/fuel ratio 1s non-stoichiometric (1.e.
the air/tuel ratio 1s less than 14.64:1) for best power and the
engine 1s operated 1n open loop.

During closed loop operation, the PCM uses O, sensor data
to precisely control the air/fuel mixture within the combus-
tion chamber. The goal of the PCM 1s to provide maximum
power while minimizing emissions and maximizing fuel
economy (1.e. a stoichiometric air/fuel ratio of 14.64:1). The
PCM once again calculates the “base” amount of fuel to
deliver to each cylinder (also using MAEF/MAP sensor input),
but also uses feedback from the oxygen sensor to determine 11
the air/fuel mixture 1s rich or lean. The PCM uses this data to
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“fine tune” or adjust the commanded fuel injector pulse width
(the amount of fuel imjected 1nto a cylinder 1s proportional to
the 1njector pulse width) until a stoichiometric air/fuel ratio 1s
achieved.

The conventional O, sensor can only 1ndicate 1f the air/fuel
mixture 1s richer or leaner than stoichiometric via monitoring,
the amount of oxygen in the exhaust. During closed loop
operation, PCM uses real-time O, sensor data to dynamically
adjust the air/fuel ratio many times per second. This dynamic
correction of the air/fuel ratio during closed loop operation 1s
termed “short term fuel trim” (SHRTFEFT). The short term fuel
trim 1s a numerical multiplier that i1s used to adjust the “base
pulse width™ of the fuel injector, thereby providing a precise
adjustment to the amount of fuel delivered to each cylinder.
The PCM constantly makes adjustments to the short term fuel
trim, 1n order to cause the oxygen sensor voltage to switch
from rich to lean around the stoichiometric point. In doing so,
the PCM maintains the proper stoichiometric air/fuel ratio.

The SHRTFT values calculated by the PCM and reported
by the OBDII system usually fluctuate above and below a zero
percent correction. Zero percent correction translates into
zero adjustment to the air/fuel ratio and hence the SHRTFT
multiplier 1s unity (i.e. 1). If the percentage 1s positive (the
mixture 1s lean), the PCM uses a SHRTFT multiplier of
greater than unit. Conversely, if the correction 1s a negative
percentage (the mixture 1s rich), then the SHRTFT multiplier
1s less than unity.

When mitially entering closed loop operation, the
SHRTFT starts at zero percent (1.e. a unity multiplier) and
begins adding or subtracting fuel 1n order to make the oxygen
sensor switch from 1ts current state. The adding or subtracting
of Tuel depends upon the feedback from the O, sensor.

Thus, taking into account the above noted discussion,
equation (3) can be extended to incorporate the long and
short-term fuel trim values, which can be queried via the
OBDII port. Assuming that only 1 pair of short/long term fuel

trim values are supported in a vehicle and available via
OBDII, then

N (4)
FC(AT) = Z FCr)
i=1

N

MAF(;)x LONGFT; X SHRTFT;
= X Al
AF o0 X P fuel X 1000 ml/l

=1

In equation (4), the SHRTFT, and LONGEF'T, are numerical

multipliers, where a value of 1.0 represents no correction in
etther the fuel-lean or tuel-rich direction.

Scan tools usually represent fuel trim values as percent-
ages. Fuel trim values can numerically range between —100%
(lean)and +99.22% (rich), corresponding to multipliers 01 0.0
(lean)and 1.9922 (rich), respectively. The long and short term
tuel trim values have limits at which they are considered to be
“out-of-range”. For example, an auto manufacturer might use
LONGFT=25% and SHRTFT=53% for one out-of-range
limit condition for a given make/model/year of vehicle. When
the out-of-range fuel trim condition 1s reached, the malfunc-
tion 1ndicator lamp (MIL) 1s turned on and an OBDII diag-
nostic trouble code (DTC) 1s generated by the PCM.

Up to this point 1n the discussion, it has been assumed that
the vehicle only supports one set of short/long-term fuel trim
values. For many vehicles, this 1s indeed the case.

However, an OBDII equipped vehicle can support up to
four (4) pairs or banks of short/long-term fuel trim values, as
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defined 1n the SAE J1979 specification. The number of pairs
of short/long-term fuel trim values that are supported on a

vehicle can be determined by requesting a list of supported
PIDs, as defined in SAE 11979 (see service $01). The follow-
ing PIDs (defined in SAE J1979), shown 1n Table 1, can be

queried via OBDII to obtain fuel trim data, 11 they are sup-
ported on a vehicle:

TABL

(L]

1

[L.ong and short term fuel trim PIDs, as defined in SAE J1979.

PID
(hexadecimal) Definition

06 Short term fuel trim bank 1, short term fuel trim bank 3
07 Long term fuel trim bank 1, long term fuel trim bank 3
08 Short term fuel trim bank 2, short term fuel trim bank 4
09 Long term fuel trim bank 2, long term fuel trim bank 4

In the general case, the number of banks of Tuel trim values
(n,, ) that can be supported in a MAF-equipped vehicle 1s
1=n_, =4. If more than one bank (i1.e. a pair) of short/long
term fuel trim values 1s supported 1n a vehicle, then the aver-
age of the long term trim values and the average of the short
term fuel trim values are computed and used 1n equation (4),

1.e.

N ()
FC(AT) = Z FC(1;)
i=1

N

MAF(;) x LONGFT, x SHRTFT;
= X AL
AF, i, X O fuel X 1000 ml/ %

i=1

-~

v [ MAF(1;) X
LONGFT: X

1
 AF o X P fuer X 1000 ml/] Z

\ SHRTFT; xAr; |

where
Atrim
LONGFT = — » LONGFT,
Fltrim =1
and
Bitrim
SHRTFT =

> SHRTFT,
j=1

Flivim T

Thus, equation (5) provides a foundation for determinming,
tuel consumption and fuel efliciency 1n vehicles for mn-ve-
hicle calculation of tuel consumption.

Implementation of the Method for Determiming Fuel

Consumption and Fuel Efficiency 1n a Vehicle Based

on MAF Data

In the preferred embodiment of the method for determining
tuel consumption and fuel efficiency 1n a vehicle based on
MAF data using the above noted equation (5), the entire fuel
consumption calculation 1s performed within the VIU, with
certain multiplications being optionally performed at the
OverVIU as will be described 1n detail below. Time t; 1s
defined as the time when the engine 1s started 1n a vehicle and
time t, 1s the subsequent time that the engine 1s turned off. The
time t, to t,, 1s defined as a single vehicle “trip”. The VIU
calculates the fuel consumed during each trip and adds it to
the Total Fuel Consumed (TFC) variable, stored in non-vola-
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tile memory within the VIU. The TFC, therefore, contains a
record of the total fuel consumed by the vehicle since the VIU
was 1nstalled 1n the vehicle.

It should be noted that the number of samples “N”, 1n
equation (5), 1s not known at the beginning of each trip. The
calculation 1llustrated in equation (5) 1s performed “on-the-
fly” as each data set obtained for each t,. After each sample set
1s obtained, it can be discarded immediately after the summa-
tion 1s performed. This methodology 1s the preferred imple-
mentation. The alternative approach 1s to wait until all N sets
of data samples have been obtained by the VIU and then
compute FC(AT). This 1s meltlicient, as it requires significant
data storage capability within the VIU.

The TFC 1s zeroed automatically when the VIU 1s first
installed 1n a vehicle, or at a time at which a command 1s sent
(via a wireless connection) from the OverVIU to reset the
value to zero. The TFC 1s an ongoing “running’”’ total and 1s
periodically saved 1n the VIUs datapoint memory (for later
transmission to the OverVIU central database), along with the
current date/time and odometer value. The trigger event for
saving the data in non-volatile storage 1n the VIU is user
configurable (at the OverVIU level, which 1s downloaded to
the VIU with other configuration data) and can be based upon
incremental fuel consumption (e.g. on a 0.1 litre change 1n
fuel consumed) or elapsed engine operating time (e.g. fuel
consumption 1s saved once a minute). In all cases, the fuel
consumption data 1s written to non-volatile data storage
within the VIU at the time of engine turn-oif, so as to permit
capturing the fuel consumed during a single trip.

The VIU can be configured to collect MAF data at a sam-
pling rate up to that which 1s limited by the ability of the
OBDII system to respond to data requests.

The configuration data 1s generated on the OverVIU and 1s
downloaded wirelessly to the VIU via the VIUPoint.

In addition to MAF, the VIU typically has to acquire other
vehicle parameters 1n real-time, which are also of interest to
the end-user (e.g. fleet manager). The data sampling rate of
MAF 1s a compromise between the desire to obtain MAF at
the highest possible rate (to ensure the accuracy of the
method) and the need to sample other vehicle OBDII data.
The VIU 1s typically configured to capture MAF samples at a
maximum rate of twice per second, without adversely atiect-
ing the overall accuracy of the method. For legacy OBDII
protocols, including J1850 VPW, J1850 PWM, KWP2000
and ISO 9141-2, the maximum data polling rates are 1n the
range of 5-15 data samples per second in normal application.

FIG. 1, which will be described 1n detail below, 1s common
to both the MAF and MAP methods of determining fuel
consumption and fuel efficiency 1n a vehicle. It encompasses
the process of discovery of MAF or MAP support after
vehicle 1gnition start and the discovery and initialization of
other fuel-related parameters. If the VIU has been newly
installed 1n a vehicle, it must perform a full automatic, 1.e.
smart discovery and initialization of fuel-related parameters,
as the VIU has no pre-configured information about the
vehicle.

If the VIU has already collected information from a vehicle
from previous driving usage, then the VIU does not have to
repeat the auto-discovery process of any parameters related to
fuel consumption, as they are simply recalled from non-vola-
tile variable storage within the VIU.

If the VIU has experienced a power interruption (the
OBDII port 1s always powered, even when the vehicle 1s
OFF), then upon a vehicle ignition start, the VIU must deter-
mine 1i 1t 1s installed 1 the same vehicle (for example, the
VIU might have been removed for maintenance work and
then plugged back into the OBDII port) or a different vehicle.
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To determine if the VIU has been re-installed 1n the same
vehicle, the VIU requests the Vehicle Identification Number
(VIN) via OBDII. If the OBDII system in the vehicle supports
VIN, then the VIU can easily make the determination 1f 1t 1s 1in
the same vehicle by comparison of the current VIN with the
previously stored VIN. If VIN 1s not supported, then the VIU
must assume that i1t has been installed 1n a new vehicle.

It should be noted that 1n all of the flowcharts, a distinction
1s made between two types ol non-volatile memory (NVM)
data storage. If a quantity 1s stored in NVM, 1t 1s variable or
parameter storage. This quantity is retained by the VIU for
tuture use. The second type of NVM 1s datapoint storage. This
type of storage 1s temporary 1n nature; 1t 1s a repository for
vehicle data (including fuel consumption data) that the VIU
collects. This data will eventually be uploaded wirelessly to
the VIUPomt/OverVIU for further analysis and report gen-
eration.

Determining MAF/MAP Support 1n a Vehicle,

Including Vehicle Start-Up and Initialization for the
Method for Determiming Fuel Consumption and Fuel

—y 4

Efficiency 1n a Vehicle

FIG. 1 illustrates a method for determining MAF/MAP
support 1n a vehicle, including vehicle start-up and 1nitializa-
tion of the method for determining fuel consumption and fuel
elficiency 1n a vehicle.

Step 1.

In step 1, the VIU detects a vehicle engine start.

Step 2.

When a vehicle 1gnition event i1s detected, the VIU deter-
mines 11 1t 1s

a) in the same vehicle as for previous trips (a trip being
defined as the time between an engine on event to an engine
off event), which 1s defined as a previously existing OBDII
connection; or

b) newly installed 1n a different vehicle.

If the VIU has been used before to collect data from a
vehicle and has not been powered off, then it 1s 1n the same
vehicle. IT the VIU was newly 1nstalled in a vehicle or has
experienced a power off-on event, then it must assume that 1t
could be a new OBDII connection.

Step 3.

If the VIU 1s 1n the same vehicle (exit “N”” from step 2), the
VIU can recall the OBDII protocol from Non-Volatile
Memory (NVM).

Step 4.

From previous OBDII monitoring of the vehicle, the VIU

has previously determined 11 the vehicle supports either MAF
or MAP, or both. The VIU recalls this information from

NVM.
Step 3.

From previous usage in the vehicle, the VIU has previously
determined how many banks of long term and short term fuel

trim are supported within the vehicle. The VIU recalls this
information from NVM.

Step 6.

If MAF 1s supported within a vehicle (exit “Y™ from step 6
leading to step 19), use the MAF fuel consumption method
(step 19 to be described 1n detail below with regard to FIG. 2).
If MAF and MAP are supported within a vehicle, use the
MAF fuel consumption method. If only MAP i1s supported 1n
a vehicle (exit “N” from step 6 leading to step 18), use the
MAP fuel consumption method (step 18 to be described 1n
detail below with regard to FIG. 3).
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Step 7.

Since the VIU could be 1n a new vehicle (exit ““Y” from step
2), the OBDII communication protocol has to be determined.
The VIU determines the OBDII protocol in use on the vehicle
by cycling through the possible OBDII protocols according to
SAE J1979, which include J1850 VPW, J1850 PWM, ISO
0141-2, KWP2000 and CAN.

Step 8.

The OBDII protocol 1s stored in NVM for future use 1n
subsequent vehicle trips, to avoid repeating the protocol dis-
COVery process.

Step 9.

The VIU determined if the vehicle’s 1identification number
(VIN) 1s supported. This 1s a standard OBDII data request, as
specified in SAE J1979. It may or may not be supported 1n an
OBDII-equipped vehicle, depending upon the make, model
and model year.

Step 10.

I VIN 1s supported (exit “Y” from step 9), acquire the VIN
of the vehicle via OBDII.

Step 11.

Compare the VIN acquired with that stored in NVM. The
VIN 1n NVM could be an actual VIN or the VIN could be
blank. The VIN could be blank 11 the VIU 1s new and freshly
installed for the first time 1n a vehicle or the VIU was previ-
ously installed and used 1n a vehicle where the OBDII system
did not support VIN. A match of the saved VIN with the newly
acquired VIN verifies that the VIU 1s installed in the same
vehicle (exit “Y” from step 11 leading to step 4).

Step 12.

If the saved VIN and the newly acquired VIN differ (exit
“N” from step 11), then the VIU must be 1nstalled 1n a differ-
ent “new’” vehicle The old VIN 1n NVM is deleted. The newly
acquired VIN 1s saved in NVM.

Step 13.

Fuel consumption parameters are zeroed in NVM, such as
the Total Fuel Consumed (TFC) and distance travelled.

Step 14.

Via OBDII data requests defined in SAE 11979, determine
if MAF, MAP or both MAF & MAP are supported on the
vehicle.

Step 13.

Save the MAF/MAP support information in NVM, so that
the information can be re-used for subsequent vehicle trips.

Step 16.

Via OBDII data requests defined in SAE J1979, determine
how many banks (pairs) of long term and short term fuel trim
are supported.

Step 17.

Save the long term and short term fuel trim support in
NVM, so that the information can be re-used for subsequent
vehicle trips, and continue to step 6.

Thus, a method for determining MAF/MAP support 1n a
vehicle, including vehicle start-up and 1nitialization has been
provided.

Steps of the Method for Determining Fuel
Consumption and Fuel Efficiency 1n a Vehicle Based

on MAF Data

FIG. 2 shows a tlowchart 19 1llustrating the step 19 of FIG.
1 1n more detail, including a method for determining fuel
consumption and fuel efliciency 1n a vehicle based on MAF

data obtained through the OBDII port.
Step 101.

This 1s an entry point from step 19 of Vehicle Start-up/
Initialization method of FIG. 1.
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Step 102.

Sample the Fuel System Status (1.e. open or closed loop
status) via standard SAE J1979 data request.

Step 103.

Save Fuel System Status (open/closed loop operation),

current odometer, date/time in NVM datapoint storage.
Step 104.

Recall Total Fuel Consumed from NVM.

Step 103.

Recall Fuel Trim Support info (1.e. number of banks of long,
and short fuel trim supported) from NVM.

Step 106.

Sample MAF . using standard OBDII data request accord-
ing to SAE J1979.

Step 107.

Sample the supported long and short term fuel trim data
pairs and determine the average value of LONGFT, and
SHRTET,.

Step 108.

Compute FC(t,) 1n accordance with equation (5).

Step 109.

Compute the Total Fuel Consumed by the vehicle.

Step 110.

Sample VSS and update odometer (distance travelled), e.g.
odo distance (km)=odo distance (km)+VSS (km/hr)*3600
sec/hr*At, (sec)

Step 111.

The VIU has a configurable condition for storing fuel con-
sumption data in NVM datapoint storage for further upload-
ing to the OverVIU. The default condition for storing the tuel
consumption data i1s a delta change, 1.e. increase, 1n fuel
consumed of 0.1 litres. The condition for triggering the stor-
age of fuel consumption could also be a different parameter,
such as time (e.g. every 10 seconds) or distance travelled (e.g.
every km travelled). Thus, step 111 venfies 11 the condition
for storing the data has been met. I1 Yes (exit “Y” from step
111), the flowchart 19 proceeds to step 112. If No (exat “N”
from 111), the flowchart 19 proceeds to step 113.

Step 112.

The total fuel consumed, odometer and date time are stored
in NVM datapoint storage.

Step 113.

Did the VIU detect anignition (i.e. engine) off event? I Yes
(exat “Y” from step 113), the flowchart 18 proceeds to step
118. If No (exit “N” from step 113), the tlowchart 18 proceeds
to step 114.

Step 114.

Sample the Fuel System Status (i.e. open or closed loop
status) via standard SAE J1979 data request.

Step 115.

Has Fuel System status changed since last sample? If Yes
(exit “Y” from step 115), the flowchart 18 proceeds to step
116. It No (exit “N”” from step 115), the flowchart 18 proceeds
to step 117.

Step 116.

Save Fuel System Status (open/closed loop operation),
current odometer, date/time 1n NVM datapoint storage and

proceed to step 117.

Step 117.
Other OBDII data sampling and VIU operational functions

are performed here, including uploading data to server when
required, and returning to step 106 described above.

Step 118.

If Ignition off event has been detected (exit “Y™ from step
113), the total fuel consumed, odometer, data and time are
stored 1n NVM datapoint storage.
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Step 119.

Save total fuel consumed and current odometer in NVM,
for subsequent recall at beginning of next trip.

Step 120.

Perform other VIU tasks required at 1ignition o

uploading data to server when required.
Step 121.

Enter vehicle off operational mode (e.g. enter low-power
mode, wait for vehicle 1ignition ON event).

Thus, a method for determining fuel consumption and fuel
elficiency 1n a vehicle based on MAF data has been provided.

[, including

Validation of the Method for Determining Fuel
Consumption and Fuel Efficiency 1n a Vehicle Based

on MAF Data

The validity of the MAF fuel consumption method was
veriflied via dynamometer testing at a nationally certified
emissions testing laboratory. The vehicle tested was a MAF -
equipped 6 cylinder, 2002 Chevrolet Malibu, which 1s used as
a lab test standard vehicle.

The fuel consumed was accurately measured using labo-
ratory exhaust gas analysis. The analysis determines the
amount of carbon 1n the exhaust gases, which can be used to
very accurately calculate the amount of fuel consumed. The
tuel used 1n the vehicle was regular unleaded gasoline with a
density of 0.742 g/ml.

The vehicle test protocol used, which defines how the
vehicle 1s operated (e.g. speed versus time) while under test,
was the US06 Supplemental Federal Test Procedure as 1llus-
trated, e.g. 1n the reference Emission Test Cycles (SFTP-
US06) published at “www.dieselnet.com/standards/cycles/
ftp_us06.html” by DieselNet 1n April 2000. The cycle
represents an 8.01 mile (12.8 km) route with an average speed
of 48.4 miles/h (77.9 km/h), maximum speed 80.3 miles/h
(129.2 kmm/h), and a duration of 596 seconds.

Results of the dynamometer testing of the MAF-based fuel
consumption method are shown in Table 1, for the US06 drive
cycle. Two versions of the MAF-based fuel consumption
method were run simultaneously on the VIU, 1n order to
assess the impact of fuel trim corrections on the computed
tuel consumption. One method had the fuel trim correction
factors set to unity (i.e. no trim correction factors were used),
and the other method used the actual fuel trim values.

As can be seen from the test data in Table 1, the results of
the method for determining fuel consumption based on MAF
data without fuel trim value were within 2.91% of the
laboratory measured values. When the fuel trim values
were included in the method, the error was reduced to
only —0.56%. The test data not only verifies the performance
of the method for determining fuel consumption based on
MAF data, but demonstrates that fuel trim values play an
important role 1n improving the accuracy of the method.

An 1illustration of the rapid fluctuation in long and short
term fuel trim data (1.e. LONGFT and SHRTFT, respectively)
1s shown 1n the graph 130 of FIG. 3. FIG. 3 illustrates a short
time sequence of both LONGFT and SHRTFT data, obtained
during the dynamometer testing for fuel consumption, the
results ol which are presented in Table 1. The graph of FI1G. 3
clearly demonstrates that SHRTFT 1s changing much more
rapidly than LONGFT. At certain sampling times, SHRTFT
can be seen to result 1n an mstantaneous fuel consumption
multiplicative correction factor of more than £5%. When the
LONGEFT 1s also applied for some of these same data points,
the magnitude of the resulting SHRTFTxLONGEFT 1nstanta-
neous fuel consumption correction factor 1s even greater than
that of SHRTFT alone.
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TABLE 1

L1l

Laboratory results verifying MAF-based method
for determining fuel consumption in a vehicle

Measured Fuel

Economy
Litres/100 km Error (%o)
[.ab Result R.76 —
MATF algorithm without fuel-trim 8.51 -2.91%
correction
MAF method with fuel-trim correction 8.71 -0.56%

Second Embodiment of the Invention

In MAP-equipped vehicles, the Mass Airflow (MAF) can
be numerically approximated using MAP and other engine
parameters as follows.

The MAP sensor 1s used by the ECU in determining the
amount of air being ‘consumed’ by the engine and hence the
amount of fuel to be delivered. As the name implies, this
sensor generates an analog voltage monitored by the ECU
that 1s proportional to the air pressure generated by air flowing,
into the intake air manifold, 1n units of kPa (kilopascals). The
calculation by the ECU of fuel flow to the engine using MAP
data 1s known as the speed-density method.

The following derivation illustrates what OBD-II engine
parameters, along with MAP data, need to be used to deter-
mine fuel delivery to the engine. First, the 1deal gas law has to
be considered.

The 1deal gas law gives the relationship between the pres-
sure, volume and temperature of a given number of moles of
a gas, 1.¢.

PV=nRT (A1)

where
P=pressure of the gas (usually 1n atmospheres)
V=volume of the gas (in litres)
n=number of moles of gas

R=the 1deal gas constant

R=8.314 kPa K~! mol™! if pressure is in kilopascals (kPa),
volume 1s 1n litres (1), temperature 1s 1 degrees Kelvin

(K)
R=0.0821 L atm K" mol™" if pressure is in atmospheres
(atm), volume 1s 1n litres (1), temperature 1s 1 degrees

Kelvin (K)
T=temperature of the gas (in degrees Kelvin)

Using equation (Al) and solving for “n”, the number of
moles of air

PV
RT

(A2)

The mass of air flowing into all the cylinders of the engine
(m_. ) 1s related to the number of moles of air (n) by

aLF

maz’ r':Il Mdf?" (A3 )

where M . 1s the molar mass of air, 1n grams/mole.

Combining equations (A2) and (A3) and solving for the
mass of air tlowing into all of the engine’s cylinders,
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PV
RT

(A4)

Magirp = 11 Mﬂir — Mﬂir

In equation (A4), the volume (V) 1s the engine displace-
ment. The engine displacement 1s designated ‘ED’. The pres-
sure (P) 1s calculated from

P=VExXMAP

(AS5)

where VE 1s the volumetric efficiency (VE). The volumetric
elficiency (expressed as a percentage) in a cylinder (or
engine) 1s defined as the pressure in the cylinder at BDC
(Bottom Dead Centre) relative to pressure at ambient. In
simpler terms, the VE 1s a measurement of how close the
actual volumetric tlow rate i1s to the theoretical volumetric
flow rate. An engine has a fixed volume (displacement) that
can be calculated. In most cases, the engine cannot make use
of the tull volume (100%) of air contained within the cylinder
because of friction losses, hose leaks etc. For turbocharged or
other high-performance engines, the VE can exceed unity.

The air temperature used 1n equation (A4) 1s the intake
(manifold) air temperature, or IAT, which 1s usually extracted
(via OBD-II) 1 units of degrees Celsius. To convert from
degrees C to degrees K, the following conversion formula 1s
used

TAT(K)=IAT(C)+273.12=~IAT(C)+273

Substituting equations (A5) and (A6) mto equation (A3)
yields

(A6)

VE« MAP < ED
R« (IAT+273.12)

(A7)

Mair

Mair =

In equation (A7), both R and M __ are physical constants.
VE and ED are constants for a given engine type.

The rate of air entering the engine per unit time 1s depen-
dent upon the engine’s RPM. In a 4 stroke engine, 720
degrees of crankshait rotation (1.e. two revolutions) 1is
required for a full stroke. This means that if an engine 1s
operating at ‘x” RPM, the actual number of times per minute
that each cylinder in the engine 1s filled with air 1s x/2. Thus,
the mass air flow (or MAF, 1n units of grams/second) into the
engine (all cylinders) 1s given by

(0)
MAF (gfs) = ——
RPM % VE X MAPX ED

— Mﬂir
120X Rx (AT +273.12)

Now that MAF has been derived from MAP, it 1s possible
to calculate the rate of fuel consumption, 1n units of litres/
second 1n accordance with equation (6), where

RPM=engine RPM (min™")

VE=Volumetric Efficiency (unitless number, usually

expressed as a percentage)

MAP=Manifold Air Pressure (kPa)

ED=Engine Displacement (litres)

R=ideal gas constant 8.314 kPa K~' mol™*

IAT=Intake (manifold) Air Temperature (degrees Celsius)
M _. =molar mass of air (g/mol)=28.97 g/mol
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In equation (6), the factor of 120 1n the denominator arises
from the conversion of RPM 1nto revolutions per second and
the fact that 1n a 4 stroke engine, fuel 1s consumed 1n only 2 of
the 4 cycles.

In order to determine MAF, the following parameters have
to be sampled via OBDII; MAP, IAT and RPM. VE and ED
are engine dependent. Generally, these two parameters can-
not be determined via non-proprietary OBDII data queries.
For normally-aspirated engines, VE=1.

Combining equations (1) and (6), the instantaneous fuel

consumption rate (litres per second) can be expressed in terms
of the measurable quantities MAP, IAT and RPM:

RPM X VEXMAPXED XM,
120X RX(IAT + 273.12) X AF, 2i0 X 0 et X 1000 ml/l

(7)
Fuel Rate (I/s) =

The parameters VE and ED cannot be determined directly
via OBDII interrogation and are dependent upon the make/
model/year of vehicle. The term ED 1s a constant for a given
vehicle and VE 1s essentially a constant, although small varia-
tions 1n the VE can occur depending on engine operating
conditions. Both ED and VE are considered constant values
for the purpose of the calculation of fuel consumption for a
given vehicle. R 1s a numerical physical constant and the fuel
density 1s assumed to be a constant value for a given fuel
grade.

Once the fuel consumption rate 1s known, it can be inte-
grated with respect to time to determine the fuel used 1n a
given time interval AT. This 1s similar to the methodology
used for MAF-based fuel calculation. For a sampled data
system, the mtegration 1s carried out numerically, using dis-
crete data samples. If there are N sample sets of OBDII fuel
parameters (in equation (7)) obtained 1n the time interval AT,
then the Fuel Consumed (1n litres) during AT 1s given by

N N (8)
FC(AT) = Z FC(1;) = Z fuel rate (1;) X Ar;
i=1 i=1

where,
At=t—t._, (seconds)
t,=engine start time at the beginning ot a single vehicle trip

t,—subsequent engine stop time at the end of a single vehicle
trip

FC(t,)=tuel consumption rate (litres/s) sampled and com-
puted at time t,

tuel rate(t,)=Fuel tlow rate (I/s) calculated at time t,

Sampling Data from OBDII Port

A rigorous mathematical application of equation (8)
requires that MAP, RPM and IAT be sampled coincidentally.

Unfortunately, this 1s not always possible for the following
reasons.

Many OBDII diagnostic ports use so called legacy OBDII
protocols (such as J1850 VPW, J18350 PWM, ISO 9141-2 and
KWP2000), which are relatively slow serial protocols, rang-
ing up to 41.6 kilobits per second. Some of the slower legacy
OBDII protocol implementations can provide, at most about
5 data 1tems per second. This means that the acquisition of
IAT, MAP and RPM on a per-second basis would result 1n the
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VIU not being able to obtain any other data, as VSS 1s
sampled at least twice per second 1n the VIU.

Some newer OBDII diagnostic ports in CAN-equipped
OBDII vehicles use CAN OBDII protocol, which supports
queries containing 6 parameters 1 a single request. The
CANI data rates are much higher than for legacy OBDII
protocols, which can result 1n significantly higher data sam-
pling rates.

Therefore the achievable scenario for sampling MAP,
RPM and IAT 1n legacy OBDII vehicles, 1s to sample these
parameters sequentially or according to a predetermined sam-
pling pattern, and to associate them with a single sample
interval. For CAN OBDII equipped vehicles, MAP, RPM and
IAT can be obtained in a single OBDII request and these
values can be associated with the same sample interval.

During the operation of a motor vehicle, IAT generally
varies slowly when compared with either MAP or RPM. It 1s
likely sufficient to sample IAT every 30 seconds and to
assume that it remains constant over that time period. It 1s
considered sufficient to sample RPM and MAP more fre-
quently, e.g. every 2 seconds, as there parameters change at a
higher rate. In general, the sampling time interval for a given
parameter to be sampled through the OBDII port, 1s chosen to
be substantially inversely proportional to the rate of change of
the parameter. In other words, the frequency of sampling a
given parameter to be sampled through the OBDII port, 1s
chosen to be substantially proportional to the rate of change of
the parameter, which may be determined through immediate
previous measurements of the parameter or previous historic
data.

I MAP and RPM are sampled sequentially, in equation (8),
the sample time t, can be associated with the sample time of
MAP. Equations (8) and (7) can be combined to yield

N 9
RPM; X VEX MAP; x EDX M .., )
FCAT) =

120X RX(IAT; +273.12) X
i=1
AF, 4, X 0O fuel X 1000 ml/]

ﬁﬁ

VEX ED XM,
120X R X AFario X P fuet X 1000 ml/]

N RPM; x MAP; N
; (AT, +273.12) "

As 1n the case of the MAF based method, the MAP based

method for determining fuel consumption can also be
extended to include long and short-term fuel trim values, 1.e.

N (10)
FCAT) = Z FC(r;)
=1

VEXEDXM,_.

= X
120X RX AF 4110 X P pyer X 1000 ml/l

N

2.

i=1

RPM; X MAP; X LONGFT; X SHRTF T,

& i
(JAT +273.12) f

VEXEDXM,_..
120 X R X AF atio X Pruet X 1000 ml/]

N

2.

i=1

RPM; X MAP; x LONGFT, x SHRTFT,
(IAT, +273.12)

ﬁﬁ
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Thus, equation (10) provides a mathematical foundation
for determining fuel consumption that 1s implemented 1n the

VIU.

The terms RPM., MAP, and IAT, are not sampled simulta-
neously, unless the CAN OBDII protocol 1s used. Preferably,
MAP and RPM are sampled consecutively, at a rate of once or
twice per second. IAT 1s sampled less frequently, such as
every 10 to 30 seconds, as 1t 1s usually a slowly-varying
quantity.

Various sampling patterns for sampling various data can be
used, for example sensing of MAP, RPM and IAT may be
performed 1n one or more of the following ways: sensing
MAP and RPM at substantially same frequency, and sensing
IAT at alower frequency; sensing MAP, RPM and IAT data at
respective frequencies, which are substantially inversely pro-
portional to the rates change of respective data; sensing MAP
and RPM consecutively; sensing MAP and RPM concur-
rently; sensing MAP and RPM according to a random selec-
tion of their sampling order; or sensing IAT at a sampling,
frequency, which 1s dependent on the value of RPM.

Alternatively, sampling of various vehicle’s data can be
done at respective various sampling frequencies, which are
based on historic data for the respective vehicle’s data.

[ 1

Determining an Effective VE (Volumetric Efficiency)
from Actual Fuel Data

In the equations (9) and (10) shown above, with the excep-
tion of the Volumetric Efficiency (VE), all other parameters
(constants and variables) are either known or can be acquired
from the vehicle via OBDII queries.

Initially, 1t was assumed that VE for any vehicle type
(make/model/year) could be readily obtained from OEMs.
Unfortunately, this 1s not the case, and 1n practice, very little
information 1s available from public sources on the typical
value of VE for any vehicle.

To complicate matters further, VE 1s not constant and can
vary slightly with engine operating conditions, such as RPM
and engine load. This 1s a complex relationship that may be
determined via dynamometer measurement. What 1s needed

for the computation of fuel consumption 1s an effective VE
(1.e. VE_) that represents “typical” driving conditions.

The value of VE_, can be determined via the VIU and
OverVIU as follows.

Part of the process requires that the operator of a given
vehicle record fuel and odometer data, during a number of
consecutive vehicle refuelling stops. During each refuelling
stop, the vehicle’s gas tank must be completely filled. The
data recorded 1s typically as shown 1n Table 2 shown below.

The tuelling data (odometer, litres of fuel, date and time)
has to be entered into the OverVIU, either by manual or
automated means. If a fleet uses an automated fuelling sys-
tem, then 1t 1s possible that the required fuelling information
can be imported electronically, 1n an automated fashion. The
objective of gathering the data 1s to derive a fairly accurate
estimate of fuel consumption (litres or gallons), for a given
distance travelled. Preferably, more than one fuelling cycle 1s
required to accurately estimate fuel consumed by a vehicle,
because there can be significant variation (1.€. several litres) in
the amount of tuel added to a gas tank betfore the fuel pump
detects that the tank 1s full. If the fuel consumption calcula-
tion 1s repeated over multiple fill-ups, the error 1n the volume
measurement decreases accordingly.
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TABL.

Records of fuel consumed by a vehicle

Total Total

Distance Fuel

Odometer  Travelled Fuel Used

date time (km) (km) (Litres) (litres)

19, Dec. 2005 12:20 384.4 33.100

22, Dec. 2005 13:00 723.6 339.2 27.400 27.400
0%, Jan. 2006 15:24 1177.8 793.4 37.274 64.674
11, Jan. 2006 21:08 1504.7 1120.3 25.030 89.704
13, Jan. 2006 15:38 1738.2 1353.8 15.647 105.351
16, Jan. 2006 21:27 20927 1708.3 27.310 132.661
22, Jan. 2006 10:54 2459.1 2074.7 28.930 161.591
27, Jan. 2006 8:27 2R875.6 2491.2 31.100 192.691
01, Feb. 2006 21:18 3292.6 2908.2 30.000  222.691
06, Feb. 2006 18:23 3588%.1 3203.7 22380  245.071
10, Feb. 2006 8:24 3857.9 3473.5 22.800  267.871
13, Feb. 2006 8:24 4140.5 3756.1 227700  290.571

As can be seen from Table 2, the summation of the con-
sumed fuel begins at the second fill-up. The first fill-up serv-
ers as the start (1.e. the zero distance travelled reference point)
ol the distance travelled calculation until the next re-fuelling.
From the beginning of the second fuelling to the last fuelling,
the total fuel consumed (TFC) was 290.571 litres. The total

tuel consumed by refuelling measurement 1s denoted TFC, .

While the fuel data 1s being collected by the driver, the VIU
has been calculated fuel consumption using VE=1. The Over-

VIU can extract the fuel consumption data (1.e. a running
total) from the VIU data records, at the time of the 2" fuel

f1ll-up and the last fuel fill-up. The total fuel consumed (TFC),
calculated by the VIU 1n this time mterval (denoted by TFC;,)
1s calculated by

TFC VZTFC V(IEHd_ISfﬂrf) :TFC V(IEHJ)_TFC V(IS

rarr)

Where, t_ . ~the date/time of the 2" fuelling and

? YSTart

t_~the date/time of the last fuelling

In this example, the TFC,=345.56 litres, as computed by
the VIU for the identical time 1nterval.

The etfective VE can be computed tfrom the fuel consump-
tion data from the VIU and fuel data, for the same time
interval, 1.e. from our example:

- TFCy  290.571 0 241
Y TFCy 34556

[

The application of the Volumetric Efficiency (VE) 1 the
fuel consumption calculation can be done either by the Over-
VIU or by the VIU, 1.e. 1t can be applied during or post
real-time data acquisition of vehicle data, shown 1n equation
(10).

Flowchart 150 1n FI1G. 4 1llustrates a method for determin-
ing an effective VE of a vehicle’s engine in more detail. The
method 1s executed on the OverVIU for each vehicle that 1s
equipped with a VIU and for which fuel consumption data 1s
to be monitored and computed. This method applies to the
case where the OverVIU manages the application of VE
(actual or computed) in the MAP-based fuel calculation. In
this method, the VIU always uses a VE=1 1n the calculation of
fuel consumption.

When VIU data from a given vehicle 1s uploaded to the
OverVIU, the OverVIU executes (at an appropriate time) the
method of FIG. 4 1n the analysis of new fuel consumption
data. When a VIU 1s first installed 1n a vehicle, configuration
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information regarding the vehicle data and the VIU 1s entered
into the database. At this time, 1f the actual VE for a vehicle 1s
known (1.e. from the vehicle’s manufacturer), 1t 1s entered 1nto
the database to replace the default value of VE. If an effective
VE (1.e. VE_,) 1s known, it can also be entered into the data-
base as the value of VE. If neither of these quantities are
known, then a default VE=1 1s used.

The steps of the method shown 1n FIG. 4 are as follows.

Step 152: Start

Step 154: The database 1s interrogated to determine 11 the
actual or calculated VE (1.e. VE_ ) 1s known. If either of these
quantities 1s stored 1n the database (Exit “Yes” from step 154),
then the OverVIU will use this value of VE for fuel consump-
tion calculations (Step 156), and the method 1s terminated
(Step 159).

At Step 154, if neither the actual VE, nor calculated VE 1s
known (exit “No” from step 154), then the database 1s inter-
rogated (Step 156) to see 1f enough fuel data has been
acquired to permit the calculation of VE=V _, The basis for

determining that adequate fuel data has been obtained may be
the number of kilometers travelled, the total litres of fuel
consumed, or other criteria.

If the database has isuificient fuel data to permit the
calculationot VE_ (exit “No” trom step 156), then the default
value of VE=1 1s used by the OverVIU for fuel consumption

culations (Step 158), followed by termination of the

cal
method (Step 159).

If the database has suilicient fuel data to permit the calcu-
lation of VE_,(exit “Yes” from step 156), then the OverVIU
computes (Step 160) the total fuel consumed TFC, , 1n the
time interval defined by t_.__.tot_ .. The TFC, value 1s com-
puted from actual odometer and fuel data (1.e. litres of fuel
pumped) obtained at the time of re-fuelling, 1.¢. not collected

by the VIU.

In a similar fashion, the total tuel consumed TFC,-1s cal-
culated by the OverVIU (Step 162). The TFC,-1s based upon
data collected by the VIU, during the time interval defined by
t.. .tot, . Please note thatin this method the calculation of
tuel consumed within the VIU, the volumetric efficiency 1s
always set to unity.

Step 164: The OverVIU calculates the effective volumetric
efticiency (VE,_,), as described above in the section “Deter-

mimng an Effective VE (Volumetric Efficiency) from actual
Fuel Data™.

Step 166: The value of VE=VE_1s saved in the database.
This value will now be used by the OverVIU for all future
calculations of fuel consumption for this vehicle, and the
method 1s terminated (Step 159).

Thus, an effective value of VE has been determined.

Yet another method for determining an efiective VE 1s
illustrated by flowchart 170 1n FIG. 5. It produces numerically
identical results to the method of FIG. 4 described above, and
the difference between the methods of FIGS. 4 and 5 1s where
the VE factor 1s applied 1n the fuel consumption calculation.
In the method of FIG. 4, VE 1s applied by the OverVIU, while
in the method of FIG. 5, VE 1s applied in the VIU, as data 1s
collected 1n real time.

The method of FIG. 5 1s executed on the OverVIU, for each
vehicle that 1s equipped with a VIU and for which fuel con-
sumption data 1s to be monitored and computed. It applies to
the case where the OverVIU downloads the value of VE
(actual or computed) to the VIU, once 1t 1s known. The VIU
can then use this value of VE in the computation of fuel
consumption. The VIU initially 1s configured with a default
VE=1, until updated by the OverVIU.

When VIU data from a given vehicle 1s uploaded to the
OverVIU, the OverVIU executes (at an appropriate time) the
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method of FIG. 5, during the processing of new fuel con-
sumption data. When a VIU 1s first installed 1 a vehicle,
configuration information regarding the vehicle data and the
V11U 1s entered into the database. At this time, 11 the actual VE
for a vehicle 1s known (1.¢. from the vehicle’s manufacturer),
it 1s entered into the OverVIU’s database as the value of VE
and downloaded to the VIU as configuration information. If
an eftective VE (1.e. VE_ ;) 1s known, 1t can also be entered into
the database as the value of VE and downloaded to the VIU.
IT neither of these quantities are known, then a default VE=1
1s used by the VIU.

The steps of the method shown 1n FIG. 5 are as follows.

Step 172: Start

Step 174: The database 1s iterrogated to determine 1f the
actual or calculated VE (1.e. VE_) 1s known. If either of these
quantities 1s stored 1n the database (exit “Yes” from step 174),
then 1f required, the OverVIU will download this value of VE
to the VIU, for fuel consumption calculations (Step 176),
followed by termination of the method (Step 177).

At Step 174, i1 neither the actual VE, nor calculated VE 1s
known (exit “No”” from step 174), then the database 1s inter-
rogated (Step 178) to see 1f enough fuel data has been
acquired to permit the calculation of VE=V .. The basis for
determining 11 adequate fuel data has been obtained may be
the number of kilometers travelled, the total litres of fuel
consumed, or other criteria.

If the database has insuificient fuel data to permit the
calculation of VE _ -(exit “No” from step 174), then the detault
value of VE=1 1s used by the OverVIU {for fuel consumption

culations (Step 179), and the method 1s terminated (Step

cal
177).

I1 the database has suilicient fuel data to permait the calcu-
lation of VE_, (exit “Yes” from step 178), then the total fuel
consumed TFC,  1s computed (Step 180) by the OverVIU, for
the time interval defined by t_.__tot . The TFC,, 1s com-
puted from actual odometer and fuelling data (1.e. litres of fuel
delivered by the gas pump) obtained at the time of fuelling,
1.¢. not collected by the VIU.

In a similar fashion, the total fuel consumed TFC . 1s cal-
culated by the OverVIU (Step 182). The TFC,-1s based upon

data collected by the VIU, during the time interval defined by
t. tot, ..

Start

Step 184: The OverVIU calculates the effective volumetric
efticiency (VE,,), as described above in the section “Deter-

mining an Effective VE (Volumetric Efficiency) from actual
Fuel Data”.

Step 186: The value of VE=VE_1s saved in the database
and downloaded to the VIU. This value will now be used by

the VIU for all future calculations of fuel consumption for this
vehicle, and the method 1s terminated (Step 177).

Thus, simple yet efficient methods of determining an effec-
tive VE for a vehicle have been provided.

Implementation of the Method for Determiming Fuel

Consumption and Fuel Efficiency 1n a Vehicle Based

on MAP Data

In the preferred implementation of the method based on
equation (10) shown above, the summation part of the equa-
tion 1s performed within the VIU, while the combined multi-
plicative constant (composed of all the multiplicative terms to
the left of the summation sign 1n equation (10)) can be applied

either at VIU, or at the OverVIU.

In the latter case, 1t precludes the necessity of having to
download vehicle-dependent parameters (e.g. VE and ED) to
the VIU. It also atfords the opportunity to have some param-
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eters configurable on the OverVIU to perform fuel density
corrections, and other data processing as may be required.
Both VE and ED are dependent upon the make/model/year
of the vehicle. As described 1n the previous U.S. provisional
patent applications Ser. No. 60/686,890 to Zoladek et al
assigned to the same assignee, filed on Jun. 3, 2005 and
entitled “VEHICLE IDENTIFICATION NUMBER
EXTRACTION AND DECODING”, and Ser. No. 60/693,
286 to Zoladek et al filed on Jun. 24, 2005 entitled
“VEHICLE IDENTIFICATION NUMBER EXTRACTION
AND DECODING”, both applications being incorporated
herein by reference, the Vehicle Identification Number (VIN)
can be automatically extracted from the vehicle (when sup-
ported) by the VIU and relayed to the OverVIU. The Over-
VIU can then decode the VIN to determine the make/model/
year of the vehicle and the ED. The typical VE, obtained from
the auto manufacturer, 1s also entered into the database, keyed
to VIN-based vehicle identification data. The use of the VIN,
therefore, can provide both ED and VE from the OverVIU’s
database. If VIN extraction 1s not supported by the OBDII
system 1n a vehicle, then the VIN will have to be entered into
the database on the OverVIU by manual or other semi-auto-

mated method (e.g. bar code scanning).

Once the OverVIU has the ED and VE data for a given
vehicle, 1t could download 1t to the VIU, and a method for
determining fuel consumption 1n accordance with equation

(10) could be carried out completely within the VIU.
Alternatively, VE can be determined 1n accordance with
the method of Determining an E1l: E

ective VE (Volumetric Elli-
ciency) from actual Fuel Data as described above.

Steps of the Method for Detemnmng Fuel
Consumption and Fuel Efficiency 1n a Vehicle Based

on MAP Data

FIG. 6 shows a flowchart 18, 1llustrating the step 18 of FIG.

1 1n more detail, including a method for determining fuel
consumption in a vehicle based on MAP data obtained

through the OBDII port.

Step 201.

Entry Point from step 18 of the Vehicle Start-up/Initializa-
tion flowchart of FIG. 1.

Step 202.

Sample the Fuel System Status, 1.e. open or closed loop
status, via standard SAE 11979 data request.

Step 203.

Save Fuel System Status (open or closed loop operation),
current odometer, date/time in NVM datapoint storage.

Step 204.
Recall Total Fuel Consumed from NVM.

Step 205.

Recall Fuel Trim Support info, 1.e. number of banks of long,
term and short term fuel trim, supported from NVM.

Step 206.

Sample IAT, using standard OBDII data request according
to SAE J1979.

Step 207.

Sample MAP, using standard OBDII data request accord-
ing to SAE J1979.

Step 208.

Sample RPM, using standard OBDII data request accord-
ing to SAE J1979.

Step 209.

Sample the supported long term and short term fuel trim
data pairs and calculate the average of LONGFT, and SHRT-
FT..
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Step 210.

Compute FC(t)) in equation (10) shown above.

Step 211.

Compute the total fuel consumed (TFC) by the vehicle.

Step 212.

Sample VSS and update odometer (distance travelled), e.g.
odo distance (km)=odo distance (km)+VSS (km/hr)*3600
sec/hr*At, (sec)

Step 213.

The VIU has a configurable condition for storing fuel con-
sumption data in NVM datapoint storage for further upload-
ing to the OverVIU. The default condition for storing the fuel
consumption data 1s a delta change (1. increase) in fuel
consumed of 0.1 litres. The condition for triggering the stor-
age of tuel consumption could also be a different parameter,
such as time (e.g. every 10 seconds) or distance travelled (e.g.
every km travelled). Step 213 verifies 1f the condition for
storing the data has been met. IT Yes (exit “Y” from step 213),
the flowchart 18 proceeds to step 214. If No (exit “N” from
step 213), the tlowchart 18 proceeds to step 215.

Step 214.

The total fuel consumed, odometer and date time are stored
in NVM datapoint storage.

Step 215.

Did the VIU detect an 1gnition (1.e. engine) off event? If Yes
(exit “Y” from step 215), the flowchart 18 proceeds to step
220. If No (ex1t “N” from step 215), the flowchart 18 proceeds
to step 216.

Step 216.

Sample the Fuel System Status (1.e. open or closed loop
status) via standard SAE J1979 data request.

Step 217.

Has Fuel System status changed since last sample? 11 Yes
(exit “Y” from step 217), the flowchart 18 proceeds to step
218. If No (exit “N” from step 217), the flowchart 18 proceeds
to step 219.

Step 218.

Save Fuel System Status (open/closed loop operation),
current odometer, and date/time in NVM datapoint storage.

Step 219.

Perform other OBDII data sampling and VIU operational
functions, including uploading data to server when required.

Step 220.

If the “Ignition Off event™ has been detected (ex1t “Y ™ from
step 215), the total fuel consumed, odometer, data and time
are stored in NVM datapoint storage 1n step 220.

Step 221.

Save total fuel consumed and current odometer in NVM,
for subsequent recall at beginning of next trip.

Step 222.

Perform other VIU tasks required at ignition off event,
including uploading data to server when required.

Step 223.

Enter vehicle off operational mode, e.g. enter low-power
mode, wait for vehicle ignition ON event.

Thus, a method for determining fuel consumption 1n a

vehicle based on MAF data has been provided.

Validation of the Method for Determmlng Fuel

Consumption and Fuel Efficiency 1n a Vehicle Based
on MAP Data

The MAP tuel consumption method was validated using a
MAP-equipped 2005 Dodge SX2.0. The vehicle was road
driven for a distance of 506.9 km, over a combination of city
and highway driving conditions. The fuel consumed by the
vehicle was determined via caretful measurement of the fuel
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quantities during fueling. During the test, the vehicle used
31.45 litres of regular gasoline having a measured density of
0.74 g/ml.

The 2005 Dodge SX2.0 used was equipped with a 2.0 litre,
4 cylinder engine and a 5-speed manual transmaission.
According to the literature, see e.g. John Lawlor, “The Auto
Math Handbook™, 1992, HPBooks, ISBN 1557880204, this
type of engine, 1.e. an ordinary low performance, normally
aspirated, production engine, should have a typical volumet-
ric efficiency of about 75% at maximum speed. By compari-
son, for a high-performance production engine, the VE=80%
at maximum speed.

TABL

3

(L]

Road Test results for verifying the method for
determuning fuel consumption based on MAP data

Measured Fuel

Economy
Litres/100 km Error (%)
Road Test Value (measured) 6.20 —
MAP method using VE = 0.80 6.67 7.63%
MAP method using VE = 0.75 6.26 0.90%

The test results, verifying the method for determining fuel
consumption based on MAP data, are presented in Table 3.
The road test value of fuel economy was dertved from the
measured fuel consumption and the vehicle’s odometer
value. The method for determining fuel consumption based
on MAP data according to equation (11), using a VE=0.80,
resulted 1n an error of ~7.6%, while the same method using a
VE=0.73, vielded an error of ~0.90%. The latter value 1s
apphcable to the engine type found 1n a stock 2005 Dodge

5X2.0.

The calculations ware performed with two different values
of VE to demonstrate the sensitivity of the calculation to the
anticipated range of VE’s that would be encountered 1n typi-
cal production vehicles that are normally aspirated. Some
variation 1n VE might be expected while operating a vehicle
over normally expected RPM and load ranges.

An effective VE for a vehicle can be determined according
to the method of determining an effective VE from actual fuel
data as described above.

The fuel economy data presented in Table 3 verifies that the
method for determiming fuel consumption based on MAP
data does yield accurate results for fuel consumption and fuel
elficiency.

Fuel Consumption on Hybrid Electric Vehicles
(HEVs)

The methods for determining fuel consumption and fuel
eificiency 1n a vehicle described above are also applicable to
HEVs. OBDII systems in HEVs are requ1red to function
identically to OBDII systems operating in standard gasohne
or diesel powered vehicles. As long as the HEV’s 1gnition 1s
on, then the OBDII port provides the full supported range of
OBDII information

For a MAF-equipped HEV, when the vehicle i1s operating
under battery-power, the MAF value returned by the OBDII
port 1s always 0.0 g/s. This implies that the fuel consumed 1s
zero. The method for determiming fuel consumption for
MAF-equipped vehicles, therefore, will record zero fuel con-
sumed while the vehicle i1s battery-powered. When the
vehicle 1s operating on hydrocarbon-based fuels, then MAF
will be reported by OBDII as a non-zero value and hence will
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contribute to the tuel consumption total. The tuel consump-
tion method will, therefore, accurately compute the actual
fuel consumed, no matter what the mode of HEV engine
operation.

The vehicle’s speed (VSS) 15 also available through OBDII
for both modes of engine operation in HEVs. The odometer
calculation in the VIU, therefore, will always accumulate
distance travelled, irrespective of whether the HEV 1s oper-
ating on battery-power or hydrocarbon-based fuels. Thus, the
vehicle’s fuel economy, expressed 1n litres per 100 kilome-
ters, or in miles per gallon, 1s always an accurately repre-
sented value.

In addition to the odometer value, the VIU can also sepa-
rately tally the distance travelled, while the HEV 1s either
operating on electricity or hydrocarbon-based fuel. The deci-
s1on to add distance travelled to either the odometer-electrical
powered, or odometer-hydrocarbon fuel powered 1s based
upon a zero or non-zero RPM value (for a MAF equipped
HEYV, a zero value for MAF may also be used). It may also be
possible to use different OBDII data to determine the current
power source, such a propriectary OBDII data request, to
determine 1f an HEV’s engine 1s currently being operated on
clectricity or a hydrocarbon-based fuel.

FIG. 7 shows a flowchart 300 illustrating an odometer
calculation for a Hybrid Electric Vehicle, which determines
distance travelled under hydrocarbon fuels and electrical
power. Upon start, or after proceeding from other steps 301,
the sampling of VSS and odometer updating 1s performed
(step 302) by maintaining two odometer readings, namely
odometerl and odometer2. First, a query 1s made i1 “RPM=0"
(step 303). If No (exat “NO” from step 303), the ododmeterl
1s updated for distance travelled while engine operating by
hydrocarbon fuels (step 304), followed by other step 306 as
required. IT YES (exit “YES” from step 303), the odometer2
1s updated for distance travelled while vehicle 1s powered by
clectrical batteries (step 305), followed by other step 306 as
required.

The flowchart 300 shown 1n FIG. 7 1s intended to replace
the odometer calculation step 110 1n the MAF method of FIG.
2 and the step 212 of the MAP method of FIG. 6.

The MAF HEV fuel consumption method was tested 1n a
2002 Toyota Prius HEV. The vehicle was driven a total of 670
km, over a combined city/highway driving environment. The
vehicle’s digital displays indicated that the vehicle’s fuel
economy was 5.3 litres/100 km. The VIU determined that
34.9 litres of fuel were consumed, resulting 1n a fuel economy
of 5.21 litres/100 km and an error of approximately 1.7% (at
should be noted that this fuel consumption calculation was
performed without the benefit of long term and short-term
tuel trim corrections that are included 1n equation (10)).

On MAP equipped HEVs, the fuel consumption method
also correctly computes fuel consumption as the vehicle
switches between electrical and hydrocarbon-based propul-
sion. On MAP-equipped HEVs, the RPM 1s reported as zero
when the vehicle 1s under electrical-only propulsion. When
the vehicle 1s under electrical operation, then equation (10)
will correctly calculate zero tuel consumed for these appli-
cable time 1ntervals.

OverVIU Fuel Consumption and Fuel Efficiency
Calculation and Reporting—Individual Vehicles and
Fleets of Vehicles

All fuel consumption and odometer data from the VIU will
be uploaded to the OverVIU server, which contains a data-
base for vehicle data and web-based reporting software. All of
the VIU data 1s available for analysis at the OverVIU.
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The data described above and contained within the Over-
VIU’s database 1s very detailed. For each trip a vehicle makes,
the following fuel consumption-related data 1s stored:

Total fuel consumed and odometer at the beginning of the
trip;

Total fuel consumed and odometer every 0.1 litre incre-
ment 1n fuel consumed;

Total fuel consumed and odometer at the end of the trip.

All of the above data has a date and time associated with it,
1.e. when 1t was recorded 1n real-time within the VIU.

The fuel consumed by a vehicle can be computed during
any two points in time or between two odometer values. As a

general example, consider the fuel consumed during any time
intervalt___tot_ ., wheret, =t The fuel consumed can

Start ertct? e — “start’

be calculated by taking the difference between the total fuel
consumed at the end-points of the time 1nterval, 1.e.

TFC(rend_rsrﬂrr):TFC(Iend)_TFC (Isrﬂrr) (1 1)

It should be recalled that the total fuel consumed (TFC),
calculated and stored by the VIU, 1s the running total of the
tuel consumed by the vehicle.

Fuel consumption data may not be present at the limits
defined by erithert_, ort . asthevehicle maynothave been

Start

running at the time.

erict?

A diagram 400 1n FIG. 8 illustrates one possible generic
case, where the user has requested the fuel consumption data
on the OverVIU to be reported for a specific time interval t_,
to t_ . but the vehicle was only 1n operation for a fraction of
the time interval fromt _ to t,. In this case, the OverVIU would
search its database for fuel and odometer information for the
vehicle and the total fuel consumed (in litres) would be

reported using:

TFC (Iend - Is rarr):TF C (ren
(Z,)

The distance travelled by the vehicle (in km), during the
same time period would be reported using;

d)_TFC (Iﬂaﬁ)ZTFC(I@)—TFC
(12)

(13)

distance travelled (7,4 — Isr) = 0dometer (z.,4) — odometer (Z;: )

= odometer (1,) — odometer (z,)

The fuel efficiency, expressed in litres per 100 km, can be
calculated using equations (12) and (13). For the specific time
mterval t___tot . the fuel efficiency 1s given by

STart

fuel consumed (litres) (14)
distance travelled (km)

) TFC(1,) — TFC(1,)

~ odometer(z;) — odometer (z,,)

fuel efficiency(l/1000 km) =

The application of equation (14) assumes that the term in
the denominator 1s non-zero. The denominator can be zero 1t
the vehicle was 1dling and stationary during the time interval

from t_ to t,. This 1s analogous to a fuel efficiency of O miles
per gallon. It should be noted that equations (12) through (14)
are also applicable to HEVs.

The OverVIU can report on fuel consumption or fuel etfi-
ciency for a single vehicle, a group of vehicles or an entire of
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fleet of vehicles, for user defined or “standardized” reporting
periods, 1.e. shiit basis, daily, weekly, monthly or yearly.

[l

‘erent Fuel

Determining Fuel Consumption for D1
Types and Grades

For gasoline powered vehicles, the MAF and MAP fuel
consumption methods implemented 1in the VIU (see equations
(3) and (10) respectively) can be programmed with a fuel
density that 1s applicable to the vehicle (1.e. the fuel density
for diesel or premium unleaded gasoline).

An alternate, and 1n some 1nstances preferred, approach is
to use a default fuel density for regular unleaded gasoline and
correct the fuel consumption data for the different fuel den-
sity. This can be done on the OverVIU server via the use of a
multiplicative correction factor. Let the default tuel density
used 1 equations (5) and (10) be represented by p,.;, and the
actual fuel density 18 P, ;,,.,; 7.0~ 1 he multiplicative correction
factor to be applied to equations (5) and (10), to account for
the proper fuel density, 1s

£ fuel (15)

FC (AT) = FC(AT)

actual fuel

where FC'(AY) 1s the density-corrected fuel consumption.

The tuel type for each vehicle 1s stored 1n the database on
the OverVIU server. The density of the actual tuel (p,, 4,47 5,02)
used 1n the vehicle can be obtained from a look-up table, also
stored 1n the database. I the actual fuel type used in the
vehicle 1s different from the default, 1.e. regular unleaded fuel,
then equation (15) can be applied to either the MAF method
of equation (35), or the MAP method of equation (10).

The ability to correct the tuel consumption method on the
OverVIU also provides the opportunity to correct fuel density
based upon seasonal variation 1n the formulation of the fuel.
For a seasonal correction to be applied, then the density of the
actual fuel (P ... a02) WOUld vary based upon the date of the
fuel consumption data received from the vehicle.

The method of the present invention 1s generally applicable
to any fuel type used 1n a vehicle, including but not limited to
regular and premium unleaded gasoline, ethanol/gasoline
blended fuels, propane, natural gas and diesel.

The methods of the present invention also address deter-
mining the fuel consumption for hybrid-electric vehicles
(HEVs) that are equipped with OBDII.

The corresponding system for determining fuel consump-
tion 1 a vehicle comprises a VIU including an on-board
computer having memory, and a wireless modem, wherein a
computer program code 1s stored 1n the memory for execution
by the on-board computer to perform one or more of the
methods for determining fuel consumption and efficiency in a
vehicle as described 1n detail above.

Additionally, the system may include a central host (Over-
VIU), comprising a central computer having its own memory,
the central host receiving data from the VIU either directly or
through one or more VIUPoints (gateways), which are in
wireless communication with the VIU, wherein a computer
program code 1s stored 1n the memory of the central computer
for execution by the central computer to perform some or all
of the steps of the methods for determining fuel consumption
and efficiency 1n a vehicle as described 1n detail above.

Thus, methods and system for determining fuel consump-
tion and fuel efficiency 1n vehicles have been provided.

Although specific embodiments of the invention have been
described 1n detail, 1t will be apparent to one skilled in the art
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that variations and modifications to the embodiments may be
made within the scope of the following claims.

What 1s claimed 1s:

1. A method of determining fuel consumption in a vehicle,

comprising;

(a) determining fuel consumption by using mass air flow
(MAF) sensor data or manifold air pressure (MAP) sen-
sor data, including obtaining MAF data or MAP data in
the vehicle, comprising:

(b) obtaining long term and short term fuel trim values
tor the vehicle, which respectively characterize devia-
tions of air-to-fuel stoichiometry in the vehicle due to
aging and vehicle’s current operating conditions: and

(c) correcting the fuel consumption 1n the vehicle by apply-
ing said long term and short term fuel trim values to
determine a corrected fuel consumption 1n the vehicle;

the obtaining comprising sensing data 1n the vehicle through
a vehicle diagnostic bus; and

the sensing being performed 1n one or more of the following
ways:

sensing data at respective frequencies, which are substan-
tially inversely proportional to the rates change of
respective data;

sensing data consecutively;

sensing data concurrently;

sensing data according to a random selection of their sam-
pling order; or

sensing selected data at a sampling frequency, which 1s
dependent on a value of another data.

2. The method as described 1n claim 1, the vehicle diag-

nostic bus being onboard diagnostic 11 (OBDII) bus.

3. The method as described 1n claim 2, the step (a) com-

prising determining fuel consumption in the vehicle by using,

MAP data, only if MAF data 1s not available for the vehicle.

4. The method as described 1n claim 2, the obtaining long
term and short term fuel trim values comprising obtaining a
number of banks (pairs) of respective tuel trim values for each
of the long term and short term fuel trim values, and deter-
mimng average long term and short term fuel trim values over
the respective number of banks.

5. The method as described in claim 4, wherein the number
of banks 1s less or equal to 4.

6. The method as described 1n claim 1, the obtaining com-
prising sensing various data in the vehicle at respective vari-
ous frequencies, which are substantially inversely propor-
tional to a rate change of the respective data.

7. The method as described 1n claim 3, the vehicle diag-
nostic bus being onboard diagnostic 11 (OBDII) bus.

8. The method as described 1n claim 1, the determining (a)
and the obtaining (b) comprising sampling various vehicle’s
data at respective various sampling frequencies, which are
based on historic data for the respective vehicle’s data.

9. The method as described 1n claim 1, further comprising,
transmitting data obtained 1n any of the determining (a),
obtaining (b) or correcting (c¢) from the vehicle to a central

host for further processing and storage.

10. The method as described 1n claim 1, further comprising
determining fuel efliciency, comprising obtaining an odom-
eter reading for the vehicle, and relating the fuel consumed by
the vehicle over the distance identified by the odometer read-
ing for the corresponding time interval to determine fuel
eificiency.

11. The method as described 1n claim 1, further comprising
identifying a type of the vehicle, the type including a hybrid
clectric vehicle (HEV), and determining fuel consumption in
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the HEV 1n accordance with the method of claim 1 within
time 1ntervals, during which the HEV 1s free from operating
under electric power.

12. A vehicle interface unit (VIU), comprising:

a (VIU) computer having a CPU and non-volatile memory
(NVM);

the VIU computer 1s connected to the vehicle diagnostic
bus providing access to sensors in the vehicle for col-
lecting vehicle related data through the vehicle diagnos-
tic bus;

the NVM comprising a computer program code stored
thereon for execution by the CPU, causing the computer
to determine fuel consumption 1n the vehicle 1n accor-
dance with the method of claim 1.

13. The VIU as described 1n claim 12, further comprising a
wireless modem connected to the VIU computer and provid-
Ing communication over a wireless link with a gateway (wire-
less access point), which 1s connected to a communications
network, the communications network providing transmis-
sion of data between the gateway and a central host.

14. A vehicle telemetric system, comprising:

a central host connected to a communications network;

one or more gateways connected to the communications
network, the communications network enabling the
transier of data between the gateways and the central
host;

a vehicle interface unit (VIU) within a vehicle having
access to sensors 1n the vehicle for collecting vehicle
related data through a vehicle diagnostic bus, the VIU
having means for communication over a wireless link
with any of said gateways provided the vehicle 1s within
a transmission range of one of said gateways;

the VIU comprising a VIU computer having a CPU and
non-volatile memory (NVM), the VIU being connected
to the vehicle diagnostic bus;

the NVM comprising computer readable instructions
stored thereon for execution by the CPU, causing the
VIU computer to determine fuel consumption in the
vehicle 1n accordance with the method of claim 1.

15. An access system for use 1n a vehicle telemetric system,
the telemetric system comprising a central host connected to
a communications network, the access system comprising:

one or more vehicle intertace units (VIUs) and a gateway,
the gateway being connected to the communications
network,

cach VIU being located in a different vehicle and having
access to sensors 1n the vehicle for collecting vehicle
related data through a vehicle diagnostic bus, each VIU
having means for communication over a wireless link
with the gateway, the wireless link being activated pro-
vided the vehicle 1s within a transmission range of the
gateway

cach VIU comprising a VIU computer having a CPU and
non-volatile memory (NVM), the VIU computer being
connected to the vehicle diagnostic bus;

the NVM comprising a computer program code stored
thereon for execution by the CPU, causing the VIU
computer to determine fuel consumption 1n the vehicle
1n accordance with the method of claim 1;

the gateway having another memory for storing the fuel
consumption data recerved from the VIU, and a gateway
means for forwarding the data to the central host.

16. A method for determining a fuel consumption of a
vehicle 1n a vehicle telemetric system, the vehicle telemetric
system comprising a central host connected to a communica-
tions network, one or more gateways connected to the com-
munications network, each gateway having a wireless trans-
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mission range, a vehicle interface unit (VIU) within a vehicle
having access to sensors in the vehicle for collecting vehicle
related data through a vehicle’s bus, the VIU having means
for wireless communication with any of said gateways, the
method comprising:

(a) determining fuel consumption 1 the vehicle as
described 1n claim 1:

(d) determining 11 the VIU 1s within the wireless transmis-
sion range ol one of the gateways;

(¢) forwarding some or all the fuel consumption data from
the VIU to the one of said gateways over a wireless link;

(1) forwarding said some or all of the fuel consumption data
received by the one of said gateways from the one of said
gateways to the central host over the communications
network; and

(2) notilying each gateway by the central host regarding
said some or all fuel consumption data that have been
already recerved at the central host.

17. A multi-user motor vehicle telemetric system, compris-
ng:
(a) one or more central hosts connected to a communica-

tions network, each central host being associated with
one or more users of the system:;

(b) one or more gateways connected to the communica-
tions network, for transter of data between the gateways
and the central hosts:

(c) one or more vehicle mterface units (VIUs), each VIU
being placed within a respective vehicle and having
access to sensors 1n the vehicle for collecting vehicle
related data through a vehicle diagnostic bus in the
vehicle, each VIU having a wireless modem for commu-
nication over a wireless link to gateways, which are
designated to be accessed by said each VIU, each VIU
being associated with one or more of said users;

(d) each central host having means for selecting gateways
and collecting data from each VIU, which 1s associated
with the users that the central host 1s associated with:

(¢) each gateway having means for recognizing central
hosts and VIUs belonging to the same user; and

(1) each VIU comprising a VIU computer having a CPU
and non-volatile memory (NVM), the VIU being con-
nected to a vehicle diagnostic bus in the vehicle; and

(g) the NVM comprising a computer program code stored
thereon for execution by the CPU, causing the VIU
computer to determine fuel consumption in the vehicle
in accordance with the method of claim 1.

18. A method for collecting vehicle performance data 1n a
multi-user motor vehicle telemetric system, comprising one
or more central hosts connected to a communications net-
work, each central host being associated with one or more
users of the system, one or more gateways connected to the
communications network, the communications network
enabling the transfer of data between the gateways and the
central hosts, one or more vehicle interface units (VIUs), each
VIU placed within a respective vehicle having access to sen-
sors 1n the vehicle for collecting vehicle related data, each
VIU having means for communication over a wireless link to
gateways designated to be accessed by said each VIU pro-
vided the VIU of the vehicle 1s within a transmission range of
one of said designated gateways, and each VIU 1s associated
with one or more of the users, the method comprising:

(a) at each central host, selecting gateways for collecting
data from each VIU which 1s associated with the users
that the central host 1s associated with:
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(b) at each central host specifying for each user the data to
be collected from its associated VIUs through data col-
lection profiles which are stored 1n the central host and
the selected gateways;

(c) at each gateway determining the association between
central hosts and VIUs belonging to the same user; and

(d) at each VIU, determining fuel consumption in the
vehicle containing the VIU, in accordance with the
method of claim 1.

19. A method for determining fuel consumption 1n a
vehicle, comprising:

(a) determining fuel consumption by using mass air tlow

(MAF) sensor data or manifold air pressure (MAP) sen-

sor data, including obtalmng MAF data or MAP data 1n
the vehicle, comprising:

(b) obtaining long term and short term fuel trim values
tor the vehicle, which respectively characterize devia-
tions of air-to-fuel stoichiometry in the vehicle due to
aging and vehicle’s current operating conditions: and

(c) correcting the fuel consumption in the vehicle by
applying said long term and short term fuel trim val-

ues to determine a corrected fuel consumption 1n the
vehicle;

the obtaining comprising sensing data in the vehicle through
a vehicle diagnostic bus:

the obtaining, long term and short term fuel trim values com-
prising Obtaining a number of banks (pairs) of respective fuel
trim values for each of the long term and short term fuel trim
values, and determining average long term and short term fuel
trim values over the respective number of banks;

the determining (a) comprising one of the following:

(1) determiming fuel consumption in the vehicle by using
MAF data for the time interval AT=N-At, as follows:

1
Al s, X O fuel X 1000 ml/]

N
Z (MAF(1;) x LONGFT. x SHRTFT. x At;)

Afmm 1s air-to-tuel stoichiometric ratio, p ., 1s fuel density
in g¢/ml, MAF(t,), LONGFT,, and SHRTFT, are respectively

MAF data, average long term, and average short term fuel
trim data at time 1nstance t;: or

(1) determiming fuel consumption 1n the vehicle by using
MAP data for the time interval AT=N-At,, as follows:

VEXEDXM,_..
120X R X AF 4410 X 0 fyer X 1000 ml/l

N

2

=1

RPM; x MAP. x LONGFT, xSHRTFT,

Af;
(AT +273.12) :

VE 1s Volumetric Efficiency for the vehicle (unitless), MAP 1s
Manifold Air Pressure (kPa), ED 1s Engine Displacement
(liters), R is ideal gas constant 8.314 kPa K ' mol™',and M,
1s molar mass of air (g/mol)=28.97 g/imol; RPM,, MAP(t,)

LONGEFT,, SHRTFT, and IAT, are respectively Revolution

Per Minute (min~") of an engine, Manifold Air Pressure sen-
sor data, average long term, average short term fuel trim data,
and Intake Air Temperature (degrees Celsius) at time 1instance
t,

comprising sensing a revolution per minute (RPM), and
intake air temperature (IAT1) 1n the vehicle.
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20. The method as described 1n claim 19, the fuel density
P .0; beIng adjusted according to seasonal temperature varia-
tions.

21. The method as described 1n claim 20, the transmitting,
to the central host comprising

wirelessly transmitting the fuel consumption data from the
vehicle to a gateway (wireless access point) connected to
a communications network, the communications net-
work enabling the transier of data between the gateway
and the central host.

22. The method as described 1n claim 20, the determining,
(a) and the correcting (¢) comprising distributed determining
of fuel consumption by using processing power of more than
one computer, including initial processing of data in the
vehicle, followed by final processing of data at the central
host.

23. A vehicle mterface unit (VIU) for a vehicle telemetric
system, the vehicle telemetric system comprising a central
host connected to a communications network and one or more
gateways connected to the communications network enabling
the transier of data between the gateways and the central host,
the VIU being located 1n a vehicle and having access to
sensors 1n the vehicle for collecting vehicle related data
through a vehicle diagnostic bus, the VIU having means for
communication over a wireless link with any of said gate-
ways, the wireless link being activated provided the vehicle 1s
within a transmission range of the one of said gateways, and
another wireless link being activated provided the vehicle 1s
within a transmission range of another one of said gateways;

the VIU further comprising a VIU computer having a CPU
and non-volatile memory (NVM), the VIU computer
being connected to the vehicle diagnostic bus;

the NVM comprising a computer program code stored
thereon for execution by the CPU, causing the computer
to determine fuel consumption 1n the vehicle 1 accor-
dance with the method of claim 19.

24. A vehicle telemetric system, comprising:
a central host connected to a communications network;

one or more gateways connected to the communications
network, the communications network enabling the

transier of data between the gateways and the central
host;

a vehicle interface unit (VIU) within a vehicle having
access to sensors 1n the vehicle for collecting vehicle
related data through a vehicle diagnostic bus, the VIU
having means for communication over a wireless link
with any of said gateways provided the vehicle 1s within
a transmission range of one of said gateways;

the VIU comprising a VIU computer having a CPU and
non-volatile memory (NVM), the VIU being connected
to the vehicle diagnostic bus;

the NVM comprising computer readable instructions
stored thereon for execution by the CPU, causing the
VIU computer to determine fuel consumption in the
vehicle 1 accordance with the method of claim 19.

25. An access system for use in a vehicle telemetric system,
the telemetric system comprising a central host connected to
a communications network, the access system comprising:

one or more vehicle mterface units (VIUs) and a gateway,

the gateway being connected to the communications
network,

cach VIU being located 1n a different vehicle and having
access to sensors 1n the vehicle for collecting vehicle
related data through a vehicle diagnostic bus, each VIU
having means for communication over a wireless link
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with the gateway, the wireless link being activated pro-
vided the vehicle 1s within a transmission range of the
gateway;

cach VIU comprising a VIU computer having a CPU and
non-volatile memory (NVM), the VIU computer being
connected to the vehicle diagnostic bus;

the NVM comprising a computer program code stored
thereon for execution by the CPU, causing the VIU
computer to determine fuel consumption in the vehicle
in accordance with the method of claim 19:

the gateway having another memory for storing the fuel
consumption data recerved from the VIU, and a gateway
means for forwarding the data to the central host.

26. A method for determining fuel consumption in a

vehicle, comprising;:

determining fuel consumption by using manifold air pressure
(MAP) sensor data, including obtaining MAP data in the
vehicle through a vehicle diagnostic bus, comprising:
determining volumetric efficiency (VE) of the vehicle as fol-
lows:

(1) selecting time 1nterval and setting VE=1;

(1) determining total fuel consumed by the vehicle during
all selected time 1ntervals according to an independent
refuelling measurement (TFC, );

(11) determining total fuel consumed by the vehicle during
all selected time intervals according to the method of
claim 3 (TFC,,) by using the current value of VE;

(1v) updating the current value of VE=TFC, /TFC; and

(v) selecting another time interval and repeating the steps

(11) to (1v) a number of times to achieve a required accu-

racy for the current value of VE.

277. The method as described 1n claim 26, the vehicle diag-
nostic bus being onboard diagnostic II (OBDH) bus, and the
determining (1) comprising manual or automatic refuelling
measurement at a gas pump.

28. A vehicle mterface unit (VIU), comprising:

a (VIU) computer having a CPU and non-volatile memory

(NVM):;

the VIU computer 1s connected to the vehicle diagnostic
bus providing access to sensors in the vehicle for col-
lecting vehicle related data through the vehicle diagnos-
tic bus;

the NVM comprising a computer program code stored
thereon for execution by the CPU, causing the computer
to determine fuel consumption 1n the vehicle 1n accor-
dance with the method of claim 26.

29. A vehicle telemetric system, comprising;:

a central host connected to a communications network;

one or more gateways connected to the communications
network, the communications network enabling the
transier of data between the gateways and the central
host:;

a vehicle interface unmit (VIU) within a vehicle having
access to sensors 1n the vehicle for collecting vehicle
related data through a vehicle diagnostic bus, the VIU
having means for communication over a wireless link
with any of said gateways provided the vehicle 1s within
a transmission range of one of said gateways;

the VIU comprising a VIU computer having a CPU and
non-volatile memory (NVM), the VIU being connected
to the vehicle diagnostic bus;

the NVM comprising computer readable instructions
stored thereon for execution by the CPU, causing the
VIU computer to determine fuel consumption in the

vehicle 1n accordance with the method of claim 26.
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